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PREFACE 



TO THE LATER EDITIONS. 



The rapid sale of the earlier editions of tliis Work 
can only be traced to the great popularity of the sub- 
ject on which it treats. 

No branch of Experimental Philosophy has been 
more cultivated than Electrotype. Like all, it ift 
replete with interest, whether examined in its theory 
or in its results, — «n!ike some, it leaves a trace of its 
footsteps, — a tangible evidence of its power. I allude 
not to its profitable applications in tlie hands oi^ tha 
artisan; furnishing, as they do, a full and forcible 
reply to the oft-proposed question " What is the mm 
of Electricity ? " For him these pages are not 
written; — his demands upon the art are of another 
nature, and arc intimately connected with hia owa 
resources. 1 write for him who delights to devote q 
portion of his hours of relaicalion to the study of those 
tnysteries of nature, into which the eye of science hai 
heea able in a degree to penettWa. \.\ ■ni's.'^ ^oa ■i«&.&\ 
Krif (fiat in the leoEth and \>«a.i'C«. «^ ^■a^'wA^*'* 
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propoTtion of such individuals is far greater thaD else 
where ; there is amongst us a national love of kcmu 
and of A me- occupation 3 ; and when we do wandei 
we feel that we are wanderers; andean regard wii 
pleasing anticipation the time which will return ua t 
our home. AniongEt home attractions is ever foun 
a taste for tlie fine arts ; this is seen even in th 
cottage, whose walls are adorned with "much tbi 
tEiste, untaught and unrestrained, surveys delighted; 
the inmate of the humble tenement, "around whoi 
walls are heroes, lovers, kings," surveys them with 
Htisfaction closely akin to that which animates tl 
man of cultivated taste, as he views the perfect pn 
ductions of a Baphael or a Correggio. This tasU 
Abundantly gratified by the discovery of Electrotypt 
^t enables each, who desires it, to furnish himself wit 
durable copies of the finest productions of the chia 
and the graver. He finds an inexhaustible field op( 
before him; — and, if he devote his time to formii: 
collections, he is animated at every step by the novel 
and interest attached to each fresh acquisition. An 
act the least feature of interest allied to a collectk 
thus formed, is the fact that every specimen is stamp* 
with a double signature of " mine," — " mine " it is 1: 
fossession, — but especially It is " mine " by productio 
When 1 consider how many copies of this treat! 
have, during the last year or two, been disperse 
through all quarters of our land (and not ours oniv 
f caoDOt but feel that il has >3ee^ 'wv wiro* to 



ioBlru mental in enabling very many to tread the same 
pleasing path that I have trodden. I trust my en- 
deavours to pave the way have not been unsuccesaful, 
Oa first venturing along the new- discovered road, 
I found many a stumbliog-stone besetting iny steps; 
aod many a time have I had to survey before I could 
tell which track w-ould lead to the desired end. These 
obstacles I have eniJeaToured to remove from the path 
of those who are interested in following the traces 
marked out; I have, too, watched with care tlie pro- 
gress made by others ; and have in each successive 
edition embodied as much fresh information as conve- 
niently I could. To my more mature experience on 
the subject of mould-making ; to the general prin- 
ciples on which the reduction of metals is based; and 
to the description of new arrangements of apparatus 
which, with revisions of many paragraphs, were given 
in the earlier editions, 1 have, in this, added all the 
improvements, up to the present time, that I could con- 
veniently compress into these pages. 

It was at Jirst my intention* to have added observB' 
tioDS on the deposition of other metals ; this, however, 
was not found possible ; there was so much to be said 
that could not be contained within the present pages, 
that I rather determined to unfold fully the principles 
and practice of the art in this treatise, and to prepare a 
Second Part, to be devoted to plating, gilding, etch- 
ing, and all the several applications of the art, which^ 
• Preface lo Fitlh td\uoT», 



for want of space, could not be introdticed liere. In 
Part II. wilt also be found the etching of Daguerreo< 
type plates, and several modifications in Voltaic appa- 
ratus. In the FouaTii Edition of Part If., Electro- 
Printing is introduced ; and the process of plating 
«nd etching are dwelt npon more fully. 



Charles V. Walkeo. 
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TO THE EIGHTEENTH EDITION. 

To the foTcner Editions of this little Treatise, so n 
additions had been made, that the arrangenient had 
become somewhat irregular. In preparing, therefor^ 
the Sixteenth Edition, I re-arranged the whd(| 
te-wrote many parts, and added several intereatinf 
facts that recent investigations have brought to Iighi< 
Wha same are continued in these later editions. 
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], The object of the present treatise is not so much to 
dwell upon the philosophical principles on which the 
art of electrotype is based, as it is to trace in a familiar 
manner the several processes in manipulation, and the 
precautions to be observed in order to escape failure. 
The instructions given are the results of a long course 
of experiment ; and it vvill be the especial aim of the 
writer to dwell minutely upon those Utile points which 
so materially influence the success of the experiments. 
It will be the endeavour to avoid, as much as may be, 
the use of scientific phraseology ; so that the amateur, 
for whose use this work is written, may find as few 
obstructions as possible besetting his path. In the 
coarse of farming a large collection of medals by the 
Electrotype process, and copying casts of large size, 
tfae author has, of necessity, been led to adopt such 
modes as convenience and economy dictated. These 
trill be described in order, as the reader is led from the 
original medal Co the perfect copyi ready for the 
cabinet. 

2. Galvano-plastic, Electrotype, or Electro- me tal- 
luigy, is, as its several names indicate, intimately con- 
nected with Galvanic, or, as it is more filly termed, 
Voltaic Hectricity. In order, therefore, to convey 
eoTTGct notions on the subject, it will be requisite, 
before entering on it further, to give a btiat oa^Aw*, (i? 
fbapnociples of this science, and lo «^(ie'fe.«i« *\j^v 
Mtion to the art in question. 
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3. Voltaic Electricity. — Galvanism, or 
Electricity, is the name given to that develo 
electricity discovered in (lie year 1790, by ] 
Galvani, of Bologna, and aubsequently more 
vesicated by the labours of Voka, whose letl 
Jdseph Banks, tbe then President of the Royal 
announcing the discovery of the apparatus, na,i 
him the Voltaic pile, is dated March 20th, 18i 
obtained by certain arrangements of metals am 
of which the following may be taken as an illi 
If a piece of zinc and another of copper be 
one to each end of a wire, and the two be the 
in a vessel containing^ water, acidulated with 
acid, it will constitute a simple or single volt 

IK ACTION. 

4. The action is dependent on the dilferent 
affinity of the liquid for the respective metal 
dissolve the zinc — it will not dissolve the co 
other words, the water (which is well known I 
of the two gases, oxygen and hydrogen, c 
combined) is decomposed ; — the hydrogen i 
escape at the surface of the copper plate in th 
gax ; the oxygen combines With the zinc, and 
txide of ^inc ; this oxide unites with, and is 
in the sulphuric acid, forming sulphate of zi 
tioQi analogous to this occur in all voltaic 
tions. The exciting liquid has a greater a 
one metal than for the other. The former 
the positive metal ; the latter the negative. 

5. For most practical purposes, zinc is u: 
positive metal, — either pure zinc, the zinc of c 
or amalgamated zinc. (§ 46.) For the negati 
copper is generally used ; but a very convc 
rangement has been devised by Mr. Alfred Sm 
wherein platinized silver — silver covered wi 
particles of platinum — is employed. Anothi 
has been constructed by Professor Grove, 

powerful nature, wherein pVa^-ea «^ ■5\3.\Awaw 
Tbers is also a modificavlon of t\v\a \5>.U.w , c 
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IHTHOIlttCTOKT OHBKVATIONS. 13 • 

nd ciiarcoal. Chaicoal, or carbon, being the only 

substance in nature — not meiallic — which can 

employed. 

I have here spoken (^ 4.) only of the ckemieal 
change ivhich takes place ; but in conneclioi) nith this, 
and bearing a strict relation to it, is another pheno- 
menon of the highest interest, — namely, the disturbance 
of electric equilibrium. 

7. During the continuance of the chemical changes 
already described, (| 4.) a transfer of electricity is 
quietly taking place between the two metals. The po- 
sitive electricity (which, to avoid circumlocution, we 
will assume to be, aa possibly it is, the electricity) 
passes from the zinc through ike liquid to the copper, 
and then continues its course along the wire (^ 3.) by 
which the metals are joined, to the zinc again. If the 
wire is broken, the transfer of electricity is interrupted, 
and the chemical effects, so far as electricity is con- 
cerned,' cease ; hydrogen is no longer evolved from the 
copper plate, and the zinc (if it is pure or amalgama- 
ted} ceases to be dissolved. 

6. The fundamental principle, which cannot be too 
strongly enforced, is that the passage of the electricity 
isi the liquid is from the zinc to the copper. If this 
simple fact is borne in mind, it will decide in every 
case the question which confuses so many — namely, 
— which is the positive, and which is the negative end 
of a battery ? The positive is the end where the elec- 
tricity leaves a battery ; the negative where it re-enters 
it. The direction taken by the current being ascer- 
tained by the mere inspection of the situations of the 
two metals in a cell, the other points follow aa a neces- 
sary consequence. 

9. If, for instance, the wire connecting the two 
plates, (^ 3.) by which we have illustrated a single vol- 
taic pair, were broken, and the circuit completed by 
interposing some apparatus between th« lMo\(.en esAt, 

* The pnfinary chsmioal effects of llie at 
anlesa prevented by other meaiia. (J 46.^ 
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an examioatiuD of the arrangement would at once 
show, that as the electricity passes pom the zinc (o 
the copper, it would leave the battery by the wire at- 
tached to the copper plate, anJ, having passed throufli 
the interposed apparatus, would return to the battery 
by the wire attached to the zinc plate ; the copper, 
which is the negative metal, forming; the positive end 
of the battery ; and the zinc, the positive metal, fbrot' 
ing the negative end. 

10. Electrolysis. — The ffreat effects of voltaic elec- 
tricity, those which have rendered it so attractive a 
science, are produced by the various modes of combin- 
ing a large or small number of these pairs of metals, 
and on the nature of the apparatus interposed between 
the wires connected with the respective ends of the 
arrangement. The power, which from its effects Dr. 
Faraday has termed the Electrolytic* power, is that 
which alone demands our attention, because on tte 
right understanding of this depends the successful 
application of the art of Electrotype. 

11. If a series of about ten of these voltaic pairs or 
batteries be arranged in the order of zinc, liquid, copper, 
and the terminating wires, which for this purpose 
should be of platinum, be placed in a vessel of watci 
containing sulphuric acid,-)- the water will be electrO'' 
lyzed or decomposed by electricity ; the hydrogen ^as 
will be released at the wire connected with the negative 
end of the battery, and the oxygen at that connected 
with the positive. If these gases be collected separate!; 
in tubes placed over the platinum wires, the quantity M 
hydrogen will be double that of the oxygen. 

12. If into this acid liquid some crystals of sulphate 
of copper be thrown, and the current be sent through, 
electrolysis will still take place, — the water will still be 
decomposed, but only one of the gases, the oxygen, 

• Vida Eip. Researches. Scries 7, { 664, 

t la this anJ all olber similar inslances Ihe use of Bulphurie ad*! 

/a lo increase the conducting nowei o! flie Wimii -,— \q ^atAuaJ* W 

"iifsBge of electricity tlirougU '\\, TVie nioiiw q^» " "^ 
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be obtained. The hydrog;en, as it becomes released 
from the water, will take the place of the copper in the 
solution, and the copper will be liberated and become 
visible on the negative (§ 8.) wire. This experiment 
may be continued till all the copper is abstracted from 
the solution ; the remaining liquid will be water, 
strongly acid. 

13. A third modification of this experiment is by 
using for the pOEitive wire, one of copper, instead of 
plalinvm. In this instance, too, the water is decom- 
posed ; but neither of the gases is visible. The hydro- 
gen, as before, occupies the place of the copper m the 
solution, releasing the copper as in the last experiment; 
(^ 12.) the oxygen, instead of appearing at the positive 
wire, combines with the copper of which it is composed, 
forming an oxide of copper : this oxide unites with the 
snlphurjc acid, and forms a sulphate of oxide of copper. 
In proportion as the solution is weakened by the release 
of copper at the negative wire, it is thus supplied with 
copper from the posi^'fc. If, in these experiments, a 
measuring instrument had been included in the circuit, 
it would be found that the first of the three presented 
the greatest resistance, and the last the least. For, in 
the last case, the chemical forces were made to conspire 
with the electric current. 

14. It mil he observed, in these illustrations of elec- 
tiolysis, that the metals are released at the negative 
plate. One part of the science of Electrotype, — a 
science discovered in England by Mr. Jordan and Mr. 
Spencer, .and on the continent by Professor Jacob!, 
consists in preparing for a negative plate models or 
moulds (§ 20 &c.) of objects to be copied ; and in so 
arranging the battery, or apparatus which generates the 
voltaic current, (|43 &c.) as to release the metals in a. 
compact and solid form. 

16. On these two points many precautions are to be 
observed ; but a faithful compliance with the directions 
to be given will enable the least sVXWei X^o i3ri\aA\i.'TOs.- 
tallie copies of the most bea.viV,itu\ ■wwV.'i ol ^^\.,Vl 
merely exercising ordinary caie and a. \i.\x\e ■%«*' 
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16. Constant Voltaic Battery. — Before closingthese 
preliminary observaiiona, it will be requisite to give 
a brief description of the Constant Battery. The 
voltaic pair immersed in a cell of acitl water (§ 3.) is 
liable to some objections. First: The babbles of 
hydrogen released on a common copper plate partialli^ 
adhere, and of necessity preveat portions of this plate 
from being in actual contact with the liquid ; and 
hence its power is less than it might be. The dissolved 
zinc, too, is partially released and deposited on the 
copper or negative plate, according to the lawi 
already illustrated (^ 1 3.) ', hence arise counter- 
currents, which weaken the force. 

17. The late Professor Danietl, by the invention of 
hig censtanl battery, has enabled us to overcome in a 
Tery great measure these difficulties,— to remove these 
objections. The deposition of the zinc is obviated 
by using two liquids, separated by a porous partition, 
or, as it is called, a diaphragm, of animal membrane, 
paper, (| 44.) earthenware, plaster of Paris, wood," &c, 
(g 48.) The liquid contiguous to the zinc is, as before, 
(111.) acidulated water ; that near the copper is a so- 
lution of sulphate of copper. t By this arrangement, it 
will be seen, from what has been already stated, (^ 13.) 
that co/ijier will be released, in place of hydrogen 
the copper, — the negative plate. 

18. The confi»uot(s action of this battery is preserved 
by amalgamating (^ 46.) the zinc, and supplying tha 
cnpreous solution with crystals of sulphate of copper. 
(^ 50.) The former prevents the acid acting chemically 
on the zinc {% 7.) and destroying it uselessly: tha 
latter keeps op the strength of the solution, which is 
being constantly exhausted by the reduction of the 
copper. Fresh acid water is occasionally added. 

This instrument is termed a constant battery, from 

its power of continuing a generally steady action fc 

iengtheneA period of time. It has been constructed is, 

• Lime-lree or some olhor porous mood, toWoi ^ot no \«nn, *i^ 

ieasl, in wafer containing a liltle luliihut'ic beVS. — laeAV. 

^ t ^ii'M is more pioperly lenoed sulphate oi oiidi of eo'^Btr. 
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various ways, being modified accordingtothe taste of in- 
dividuals, or to the use to which it is to be applied. But 
vbatevei form raay be given to it, it ts still the constant 
batterj, invented byProfessorDaniell.towhom alone the 
credit is duefordevisingso valuable an arrangement. The 
annexed woodcut represents a cell of a Daniell's battery, 
Tbe cell, being ofcopper, itself forms the negative metal, 
A rod of amalgamated (§ 46.) ainc is placed, 
as shown in the figure, within a tube of 
porous earthenware. Attached to each 
metal is a binding screw, to form connec- 
tions, A cell of this description is put 
into action by placing its several parts as 
shown in the figure ; filling the porous tube 
containing the zinc with a. mixture of one 
part sulphuric acid, and ten parts ^vater ; 
and filling the copper cell with a saturated 
solution of sulphate of copper. — By saturated ts meant 
a solution containing as much of the salt ol' copper as 
the water will take up. This is prepared most readily 
by pouring boiling water on a superabuudanee of crys- 
tals of sulpbate, and stirring them ; to this solution 
one-tentli acid should be added. The perforated 
metal shelf, shown In the figure, is to support a supply 
of crystals to recruit the exhausted strength of the bat- 
tery. (^ 50.) The crystals are placed thus high tip in 
the liquid, because the upper portions are exhausted 
Jirat ; the specific gravity keeps the strong parts of 
the solution below. 

19. Note on Voltaic Batteries.— VfhWsoa the subject 

of voltaic pairs, it would be as well to pen a few lines 

^ t those powers of the battery, not directly connected 

' ■' irt of Electrotvpe. — If a cell of the constant 

charged as directed above, and apiece of fine 

wire be stretched from the screw attached to 

§xiDc, to thai attached to the copper, it will %U.'M.\h 

r a white heat. This is teimei ftia "V^isSwi.^ 

of a battery. The larger tt\c tcW, vVe. 'St'^^];;^ 

s of wire will be heated. \t too tHin 
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be used, the passage of the electricity will be so mudf 
retarded as to produce no visible indications of heat. 
The length of wire that can be heated depends on the 
cooling power of the contiguous air; " a current that 
will heat one inch of platinum, will heat a hundred 
inches."" The law which regulates the comparative 
length of wires heated by different combinations of the 
batteries is this: If one such cell as that describedi 
heats X inches, and another cell y inches, the two 
|. arranged in series will heat x ■Yy inches. f 




If a series of cells be arranged, as in the annexed 
figure, by uniting the copper of one to the zinc of thft 
other, and points of charcoal be attached to the 
terminating wires, upon bringing these points into 
contact and then separating them, the well known 
phenomenon of the voltaic flame is produced. n» 
length of this flame depends on the number of ceV* 
used : the size or thickness, {_if v^ema^ use the term,} an 

♦/■aradaj'sRcseanihcs, T\iitWeu\\iS«"e*. ^^*>'i'\- 
f rraaiaclioi«Elecltic»lSocie4, V-^^' ^^^' ^^^ 
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e of tlie cells. The flame from a hundred cells 
I Tery brilliant ; in Bome experiments made with a 
eries of upwards of three hundred, it was needful to 
Iscreen the eyes witli a black silk veil. Few things 
ist the intense heat of this flame ; the metals are 
_ leJily dissipated in fumes; platinum and gold are 
lelted and vaporized. The arrangement of cells in 
Bries will produce a shock on the human frame, intense 
a proportion to the number in the series. Thirty will 
" i the efTect : three hundred will produce more 
man with ordinary nerves could endure. The 
I electrolytic power of the battery is on-ly manifested on 
IVxlies in solution, or on bodies made liquid by heat; 
land these several bodies are acted upon w'th various 
■ degrees of facility. Solution of iodide of potassium is 
Klnost easily decomposed. A battery consisting of & 
;re wire of zinc and one of copper, will decompose 
is solution, even by means of /i/a^isuni wires. Water 
■ more difficult of decomposition. TencellsofaDaniell's , 
Battery are a convenient number to effect the decompo- 
sition of this. A series of twenty will release very little 
more gas than one of ten ; but two series of ten placed 
side by side will do twice the work of one series. By an 
arrangement of this kind it is that the maximum of^de- 
coraposiDg power isobtained from a given number of cella. 
. Chloride of lead or silver, or chlorate of potassa, &c., 
&c., do not conduct the current in their solid state, 
and therefore resist decomposition ; but, when made 
fluid by heat, they obey the same general law as da 
solutions. When sulphuret of antimony is fused by a 
powerful voltaic flame, the heat of the same current 
will keep it fused, while the current itself decomposes 
** it. — One or two thousand cells containing pairs of 
*" plates (copper and zinc) connected in senes, and 
*^ charged with water, produce eHecls closely analogoui 
^ to those obtained by the common electric machine. 
• "nils is termed a water-baltef^.— TW« S* ^Nsi'sm'Cn^^ 
regularity ia the action of baUeue*, Voi^ •i'Mvv.tA.S^ 
" to intereat the mnst casu^iV o\ifte^'^«^^^^^^^2 
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larky to which ihe attGntion of llie electrotypiit ^tiH 
be especially directed. When a number of cells are ego- 
nected in series according to the plan represented in & 
woodcut, precisely the same amount of uctioD occn 
in each. If in one do ounce of zinc is consuined, n 
also is it in every other ; and in each, too, a weighttf 
copper is deposited on the surface equivalent to tla 
ouDce of zinc. And, if the terminating wirea of tlni 
apparatus be placed to produce the decomposition aft 
solution, precisely the same amount of this will bt 
decomposed, as is equivalent to the quantity of zims 
consumed or copper released in each cell. — If water bt 
the subject of experiment, the same arrangement of 
battery will release more or less gas, according to tbt 
degree ofconduetibiltty given to the water by meanarf 
sulphuric acid ; the less conductiblc it is, the greater 
resistance it offers to the passage of the battery current 
the less gas is released, and the less zinc is conBUmeA'; 
M the coaductibiiity increases, the rate of decooapv 
sition is higher, and the energy of the action in encb 
battery cell is greater. There is a harmony in all tU 
consistent with what wehavehitherto learned of the lawi 
of nature. The knowledge of this law is no Binall 
addition to the science of electricity : and it muat not 
be forgotten, that the development of this beautibd 
system of things is due to an English philosopher, 
whose perseverance in research has been crowned will 
continued success. Without dilating longer on tbeit 
general features of the science, I shall pursue the otjed' 
at praeent in view, and endeavour, with as much bre*ttf 
as is consistent, to explain the nature of the Glectn^ 
type art, with so much of its theory as, joined >rill 
what has been already said, may guide the experimana 
safely through each process. ■ j 

II.— Preparation op Moulds, 
SO. I can very reasonab\^ conc\iiie,\\\'a\.W% 
will commence his experiments oa One s.cv'JW 
ait : and, as a knowledge o( the taoift o^ tft'' 
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to copy these will, with a little practical experience, 
easily pave the way towards accomplishing greater 
thiDga, I sliall dwell principally on the art of copying 
medals, medallions, seals, &c., taking- the reader with 
me through the entire process, 

21. There are many materials fitted for Torming 
moulds; of these — fusible metal, wax, stearme, and 
a composition whose base ia spermaceti, are mostly 
nsed. The first is applicable to all medals of ordinary 
Kze, — the others to plaster medallions and lai^r 
medals. 

22. Fvsible Metal. — This is an alloy, consisting of 
bismath, tin, and lead ; it melts at a low temperature, 
—& few degrees below that of boiling water : and has 
been used as a philosophical toy, in the form of spoons, 
which melt in hot tea. For the latter purpose, it gene- 
rally contains a small portion of mercury. Since the 
discovery of Electrotype, it has been prepared for that 
process without mercury. 

23. The proportion of the different ingredienia ii 
pound of this alloy is : — 

oz. 

Bismuth 8 

Tin 3 

Lead 5 ■ 

16 = I lb. 

These should be melted together in a clean iron ladle, 
taking care to keep it on the fire no longer than is 
necessary to produce the complete liquefaction of the 
several ingredients. When melted, pour the metal on 
a stone or marble slab in drops. Then, after having 
rubbed ike ladle clean with coarse paper, return the 
pieces of metal, re-melt them, and pour them out in 
drops as before. A third melting will ensure the 
ingredients being well mixed. To retain the metat in 
a fit condition for use, the \od\e TttiMX \ie, ^\«Ji>ies*i."^ 
rubbed clean ; and must always \)e te.mo'je.i.^.'^'a'^a.'^^ 
£ie at tooH as its couteats sire mA\ai. Tt«.^'a^^ 
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iBiures a bright surface to the mould ; the latter pr^ I 
Mrves the alloy from waste by oxidation. I 

24. To make a Mould in Fusible Metal.—Meh some 
in the iron ladle, and pour it on a slab ; then, from tt 
height of two or three inches, drop on it the medal (o 
be copied, taking care that the medal is cold. In i 
fevF seconds the metal will be solid, and may be placed 
to cool ; wJien it is cold, either with or wjlhout a fen 
slight taps, the two will separate ; and, if proper 
care has been taken, an exceedingly sharp mould wiB 
be obtained. The novice must not, however, be di»- 
heartened if his first attempts to obtain good mouldl 
fail: for there are so many httje accidents which tnaj 
happen, that the most practised manipulator may have 
to repeat his attempts. A alight shake of the hand 
may drop the medal irregularly ; — too much sunk, for 
instance, on one side. A film of oxide may rest oni 
portion of the surface of the melted metal, and rendet 
the corresponding portion of the cast dull. Dull look* 
mg moulds must always be rejected, for so tninutelj 
correct is the process of Electrotype, that the dul* 
ness of the mould will be transferred to every copy 
made from it. Even if an original medal be iQcaa- 
tiously handled, the slight trace of a finger-mark will 
be transferred to the mould ; and Ihence to the Electro- 
type copies. 

25. The fusilile metal will not always pour into a 
round mass, to receive the medal : unless the slab il 
perfectly level, it runs into a stream. This is a 
great inconvenience, but may be remedied by havinga 
shallow cavity (saucer fashion) made in the marble { 
or by using any article of earlhenviare, which the 
kitchen or the laboratory may furnish, suited to the 
purpose, 1 have been in the habit of using the brown 
stoneware saucers, in which blacking is sold; and ia 
them have produced some of the best moulds. Thej 
are to be inverted, and the metal \s ta k^ '^ured on 

26. Clichie JI/o«id«.— Tbe ioWoVvQ^ "». 'Caa \ 
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adopted on ihe continent Tor obtaining the beautiful 
easts of the French medals, which are so much admired. 
These casta are in a fusible alloy, containing antimony, 
as well as the other ingredients. {\ 23,) The composi- 
tion is : — • 

Bismuth 8 parts 

Tin 4 

Lead 5 

Antimony ...... 1 

The metals should be repeatedly melted and poured 
iDto drops, until they are well mixed, 

27, A block of wood is then turned into a shape 
similar to that oT a button-die, into one end of which is 
worked a cavity, the size of the medal to be copied, 
and not quite so deep as its thickness ; in this cavity 
the medal is placed ; should it not fit tightly, a circle 
of paper is pressed in with it : the medal, being thus 
firmly mounted, is to be copied in the following 
manner : — 

28. A sheet of smooth cartridge paper is fixed, by 
drawing pins or otherwise, withinside a box having sides 
about four inches high, which slope inwards in order 
to prevent the metal from being scattered away ; the 
part to be used is very slightly oiled with a single drop 
of oil i on this is poured some of the prepared alloy, 
which should be removed from the fire as soon as melted, 
(^ 23,) The metal is then stirred together with cards 
until it assumes a pasty appearance, and is on the eve 
of crystallizing ; if, at this stage, the surface should 
appear defaced with dross, one of the cards must be 
passed over it lightly and speedily; should no dross 
appear, this part of the process may be omitted. 
The die containing the medal, must then be held 
firmly in the right hand, and be struck gently and 
steadily upon the solidifying metal. Should an assis- 
tant be at hand to aid in this, it will be as well ; for 
sometimes, during the brief inleunv, NiViXe NisR. c'^si.''* 
being exchanged for the die, l\»B e-x.a.tl. TO(iTOe,-W.\'!-V(*.>. 

• Vide pTOceed. Elec. Soc. ^mI ii. ^. a^J. h-'ayV'A^'^'^ | 



or MCWLtM. SS ' 

! be ready for use, and is to be attached 

B copper wire. The end of this wire must be quite 

: the wire is placed across the ttame of the 

:, with the clean end beyond the flame ; it is to 

I touched with a piece of rosin, and pressed on the 

^e of Ihe mould. The mould will instantly melt to 

xite it, and in a few seconds it will be cold and 

mly fixed. The moulds should be wrapped in paper, 

■ they are not intended for immediate use. 

"" Wax Moulds.— The manipulation with this ma- 

is very simple. The wax employed is the common 

wax, or the ends of wax candles. It is to be 

d in an earthen pipkin or a small jug, and kept 

f the fire-side a few minutes after it is well melted. 

1 to be copied should be made warm, — the 

wmer the belter (the object being to prevent the 

liden chill of the wax when poured on). It ia to 

I surrounded with a rim, composed of a ribbon of 

late-board. The end of this may conveniently be 

nired by a small cleft stick. The surface of the 

idal should be veri/ slightly covered with olive oil. 

le hot wax is then poured on. It may require five 

P fix hours to become sufficiently cold for removal; 

i great care must be taken (o allow the cooling pro- 

3 to be gradual; for, without this precaution, the 

moulds, especially when of large objects, are apt to 

--plit. There will beat times a difficulty in removing 

"■ax moulds from medals with elaborate work. This 

^ may be obviated by a little care : the medal should be 

^ Tery slightly warmed hy the heat of a candle, so as to 

^ cause a trifling expansion of the metal; and the wax 

h then to be drawn cautiously, and at right angles, 

p from the surface of the medal- This applies to other 

t composition moulds. 

t 33. Stearins Moulds, &c. — From a few practical 

: inconveniences attendant on the use of wax, I have at 
times preferred slearine, and cowaiAet \\. ow ■&,f»V^'i 
very useful, especially in cop^m^wOTV* "ivv ^^'V^'^l^^ 
recent experience has taug^it me A^«- *■ *™- ^ i 
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material, is a composition consisting of 8 oz. c 
maceli to I J oz. eacli of wax and mutton suet 
Rev. F. Lockey recommends a mixture of wax, si 
and black-lead. On this hiut, I have added 
lead to some of my compositions, and witb adv: 
Since writing this paragraph, I have eiaminei 
moulds mude with wax and a little of what is 
Flake-white, and never saw any to equal them, 
DOt even the meta! moulds. 

34. That such compositions will produce minute 
rect copies ofplaster casts renders them invaluabl 
electrotypist, who employs his scientific resoui 
wards the formation of a collection of works of a 
he is thus enabled to transfer impressions from t 
and perishable plaster to the durable copper; 
transfer them with all their beauty and all th« 
fection. They who have obtained but a cas: 
sight into the treasures transferred to this d 
but brittle material, have seen enough to 
them that there is an ample store to suit evei 
and every temper. For a few pence, apecin 
fitst-rate execution may be obtained from any 
plaster shops in London; — they are often to be n 
in the hands ofthe Italian boys, who frequent the . 
Care should be taken that the specimens selec 
free from defect. A few weeks' experience 
medals will be of more avail, in guiding the jud 
than pages of written instructions, 

35, To copy Plaster Casts. — Pour some 
water into a plate ; stand the cast face apwi 
this water : the water must not be deep enough t( 
the/ace of the cast. In a few minutes, the cast 
filled with water.* Then, without loss of lime 
round it a ribbon of pasteboard as before, {%, 3! 
immediately pour in the melted composition. 
becomes solid, let it remain for two or three 

• The smalt dellcala caBla, w\iic'b are «\\*.*i| ftuViA, 
copied by first moistening lliaii wirfoCBi Wvfti tJ^ie oi. 
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And ibe mould may gentralbj be lifted off from the 
plaster, without further trouble. 

36. This, however, is not always the case, for if the 
water, with which the plaster is soaked be too cool, or 
if the cast be not perfectly saturated, the wax will ad- 
here; and even with every care, this will at times be 
found tooccur,oii accountof imperfections io the struc- 
ture of the cast. Unless the latter has been cast from 
good plaster very well mixed arid stirred, it will be of a 
rotten texture and will readily break off in fragmetils 
after it has once been wetted ; and these fragments will 
adhere to the mould. Having thus destroyed the cast, 
it is an object of some importance to preserve the 
mould by removing the fragments without affecting 
the wax surface. This is readily done by gently touch- 
ing each spot of plaster with a wire dipped in sulphu- 
ric acid ; and then leaving the cast exposed to the air 
for ten or twelve hours. The acid will gradually ab- 
sorb moisture from the atmosphere, and their mutual 
action will so disintegrate the plaster, that it may be 
entirely washed away with a camel's hair brush and 
cold water. This simple process has been the means 
of effectually restoring to me many moulds, which 
otherwise would have been doomed to the same fate as 
the casts from which they had abstracted plaster. 

37. To render Wax or Composition Moulds Conduc- 
lible. — But wax and such like bodies are non-conduc- 
tors ; and as such will not be of any service to convey 
the voltaic current. In order to render their surface 
condutceous, many plans have been devised. There is 
one which combines the three advantages of simpli- 
city, certainty, and economy. It is to cover the sur- 
face with black-lead ; the application of this substance 
was recommended by Mr. Murray ; it was also era- 
ployed by Prof. Jacobi, and its management is de- 
scribed in his " Galvano-plastic." 

38. This article is known in comTciCTte \iw4w tKii 
sewra/ names of plumbago, gTav\»\\.e, ani ■yac!*.-\«*&.. 
The latter mjght naturally enou^^i \n4ttcc \,\vas& -m^v:.- 
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quainted with the subject, to conclude that lead held 
a prominent place in its composition. This, however, 
is not the case ; it contains no lead at all ; it consists 
of carbon and iron ;■ the principal portion being 
carbon. This substance has been already mentioned ; 
(^ 5.) it is a very good conductor. Plumbago is largely 
used in the arts : the finer sorts for drawing- pencils, the 
inferior in domestic economy, for polishing iron-work. 
It does not seem that the difference of quality in this 
substance depends entirely upon the quantity of carbon 
it contains. The common qualities, such as are used 
for polishing stoves, are very good conductors ; and, if 
tolerably pwre, will answer our purpose as well as the 
best among the finer specimens. Unfortunately, how- 
ever, the common kinds of black-lead are largely 
adulterated : among the substances used for adultera- 
tion, are plaster of Paris and charcoal. The instru- 
ment makers, who sell the apparatus for Electrotype 
experiments, generally keep plumbago in a fit con- 
dition for applying to wax moulds. 

39. It may be applied dry. Having breathed 
slightly on the mould, dip a soft brush inlo the plum- 
bago, and rub it briskly over the surface : continue 
this, breathing on it occasionally, till the whole presents 
the ivell-known black-lead polish. Be very careful to 
rub the brush into every spot. The best kind of brush 
is a strong and fine camel's hair pencil. With caie 
this operation will not affect the sharpness of die 
mould in the slightest perceptible degree. When the 
mould seems to be covered, if, upon breathing on it, 
any parts appear whilish, repeat the operation. — In 
some cases the black lead may be applied wet, and after- 
wards polished. — Messrs. Elkingtons used the followbg 
mixture, instead of mere plunibago: Zinc is melted 
in an iron ladle until near the point of burning, when 
a few pieces of iron are dropped inlo it. When cold, 
/Aernixture is very friable. They reduce it to a fine 
poifder, and mix it with plurabigo, wV\c\i V-W-j vii^Vf 
* ItB cbeiDicBl name U cu^unt 
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as before. — A clean wire slightly u'armeJ, and pressed 
against the back of the mould, will become tirmly 
imbedded in it. Then rub the wire and the wax about 
it with the plumbago brush, in order to complete the 
connection between the two. It is advisable to re- 
move any plumbago which may have been spread on 
the edges of the mould, by scraping them with a knife. 
The mould is then ready for use, U small : but \( large, 
the " guiding wires " recommended by Mr. Phillips, of 
St. Austell, maybe occasionally added with advantage. 
One or more thin wires are twisted round the main 
wire, and their ends are allowed to rest against different 
parts of the mould, especially in the recesses of deep 
lelief ; and thus tiic copper Is led to deposit over all 
parts of the surface in a short time. When this is 
effected, the guiding wires are carefully removed. — 
Sealing-wax impressions arc coaled with plumbago. 
To cause it to adhere, moisten the seal ilightly with 
spirit of wine, or expose it to the vapour of ether. 
For delicate objects, as flowers, insects, &c., which 
cannot withstand the action of brushing, other modes 
must be adopted. — One meihod is to dip the arlicle in 
a weak solution of nitrate of silver, and while moist to 
expose it to the vapour of phosphorus, under a tumbler 
or bell-glass. The vapour is procured by placing a 
watch glass, containing phosphorus dissolved in alcohol, 
in a saucer of hot sand. By this operation, the metal 
silver is reduced from its nitrate; and thus the surface 
of the article is made conducteous. This process has, 
in some cases, been adopted conjointly with the plum- 
bago ; on large objects, the black lead surface has been 
painted, first with nitrate of silver in solution, and then 
with the solution of phosphorus. The silver is some- 
times reduced by the action of light; the same object 
has been also accomplished by allowing a jet of sul- 
phurous acid gas to impinge on the surface moist with 
the nitrate, — The best prepa.ta\.\QB cA ■^Vw.^V'otm.i,, 
banever, is its solution in b"isu\vWte.\. oK a^Xm-^. 
Jhia highly inflamiuable sind \ei^ NoUxiAe w«i.¥wsi^ 
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greedily dissolves phosphorus ; but about -jglh part oF 
pliOEphorus will be found sufficient. The object is 
merely dipped in this; and, after a few seconds, is 
immersed for a short time in a weak soiution of nitrate 
of ailver, and then allowed to dry in the light. The 
greatest care must be exercised in these operations; for 
the articles themselves will often inflame spontaneously, 
if allowed to remain, after having been in the phos- 
phorus solution ; — it must not be dropped about ; for, 
although apparently ijmocent at the moment, it may 
afterwards ignite, and cause very serious accidents, 
It must not be allowed to insinuate itself beneath the 
nails of the hand. A preparation of wax, contaimnga 
little of this solution, is sometimes used : it is melted, 
and the objects, when dipped in, need no further pre- 
paration. 

40. Plaster 0/ Paris Moulds. — Another mode of 
making moulds is with line plaster. They are to be u- 
tnrated with wax or tallow, by standing them in a shallow 
vessel containing these substances in a melted state, or 
they may have their surfaces covered with fineTamtsh) 
if the work will permit it ; or they may be heated with 
hot boiled oil, containing a little bees' wax ; and when 
cold they are to be coated with plumbago. {§ 34.) The 
best fine plaster should always be used : it should be 
fresh: ifkeptany time, it must be preserved from the air 
injars or otherwise. In mixing, water is first poured into 
a lipped bason ; the plaster is gradually dropped in , and 
the superuatant water poured away : the water which 
temains with the plaster is the proper proportion to 
be stirred with it : when well mixed, let a small i^uan- 
tity be brushed iuto all the work of the medal with S 
camel's-hair pencil ; this removes air bubbles: then 
pour on the plaster to the thickness required. If the 
objects to be copied be lightly oiled first, litlle difficulty 
wJIl be experienced in removing the plaster-mould when 
"set," — J'usibJe moulds wi\l, w\l\i v^u^m cwa, cro- 
tface successively as many E.\ecUoV'j'^e to^w* 
""^Tator pleases. Wax ov cotnpoaVuon moftXi* ' 
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commonly damaged more or less, in removing the de- 
posit. 

41, When the object is undercut, the plaster mould 
may be made in pieces ; and when put together in a 
mother-piece, the joinings must be modelled np. I 
have adopted this plan in some Electrotypes of Thor- 
walsden's "Triumph of Alexander ;" in others, I have 
made the mould on the plaster cast, and have then 
broken the latter carefully away, so as to leave me a 
mould in a single piece. In either case, the mould 
requires to be broken away from the Electrotype. 

42. Elastic Moalds. — Three parts of treacle are 
added to twelve parts of glue that hag been carefully 
melted, and the whole is well incorporated. Metal 
and other objects, which would not " deliver" on 
ordinary moulds, on account of iheir high relief, may 
be readily moulded by this preparation, which Vfill 
stretch during the removal of the mould, and will 
readily return to its original form. 



III. — Voltaic Apparatus to be used. 

43. The moulds thus prepared are fitted to fill the 
place of the negative or copper plate, in the generat- 
ing* cell of a simple constant voltaic pair; (§ 17.) or 
of the negative plate in a decom position f cell. In 
either case they occupy the place where hydrogen is 
evolved, if the liquid is acid water; (\ 4, 11.) and 
where copper is reduced, if this acid water contains 
, (ulphate of copper. (^ 12, 13, 18.) 

_44. For the simplest mode of obtaining an Electro- 
medal, the reader is referred to the description 
n (§ 3.) of a single voltaic pair. Instead of using 



* Thii term is applied to tbat ceW cm 
pair of zinc aud capper, or olhetmeUl. *v^^>^ 
t Tbia term ii applied to lliE aecQ'a'l c^^ ^^ 
Bmtiog wirea a 11, 12, l3.)ttrebtouKli'i. 
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the copper-plate an there described, attach (| 31.) 
the end of the wire one of the fusible moulds. ('5 24.> 
Bend the wire inio the shape of the letter fl, ic, 
that the mould shall face the zinc :— wrap the au 
in a piece of brown paper; pour within the paper somi 
salt and water, or some water very slightly acidulstid 
ivJLh sulpliuric acid; and immerse the whole ioto ■ 
vessel containing a saturated (^ 18.) solution of ml- 
phate of copper, having a little acid in it. 

45. This apparatus will represent a single cell oft 
constant battery: (^ 17.) not constructed on the bell 
principles, it is true, but sufficiently so for an introdoo- 
tory experiment. The copper of the solution will ^ 
released on the fusible mould : {% 17,)after afewminute/ 
immersion the mould will be covered with a very bril- 
liant coating of pure metallic copper; — after thirtt 
hours, or less, with proper arrangements, (^ 58) thi 
coating will be thicic enough to remove : — when f» 
moved, it will present a perfect resemblance to Ikl 
original medal. 

46. Amalgamation. — To complete, however, tlu 
character of this constant voltaic pair, the zinc must bt 
amalgamated; for besides the electric action upon 
common zinc, the acid acts on it chemically : — wbeuist 
the former action be going on or not, the latter will Mt 
cease so long as there is any zinc to be acted upon, « 
any acid to act upon it. This arises from the quanlitf 
of foreign matter contained in the zinc of commerce :— 
this matter, which is mostly metallic, forms, with tkS 
particles of zinc, very many small voltaic pairs, all 
ing independently of the negative plate, (^ 3, 17.) 
at the expense of the zinc and acid. Pure zinc, whid 
may be obtained where Electrotype apparatus is scU| 
is not thus destroyed. 

47. The process of amalgamation is this: — plaoe 
some mercury in a saucer or plate; pour on it aoffa 
wafer and sulphuric acid; \HUia\v \)Qft Vv'^AraiA^enaft 

cary over the surface of iVe x\i\c, 'tvW ^ft VsuAb * 
Covered with a Aright coal of mwc\iT'j. 
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48. Diaphragms. — But the paper diaphragm above 
mentioned is very inconvenient in exjieiiments of 
any duration ; it seldom, perSiaps never, prevents 
the partial mixing- of the liquids it is designed to 
separate ; and its use is always attended with a great 
waste of tlie sulphate of copper, the metal from which 
is released in great abundance, and deposited within 
the folds of the paper. The same may be said, though 
in a less degree, of animal membrane. Either will 
do very well for solitary experiments ; but both are 
inconvenient, when the experiments are continued. 
Something more substantial and more durable is 
requisite. For this purpose porous tubes have been 
constructed of the material used for butter coolers: 
others have been made of pipe-clay. These are very 
capital diaphragms. 

49. Very good diaphragms are easily made from 
plaster of Paris; and for this purpose the coarse 
plaster used by builders is best, care being taken to 
have it as new and fresh as possible : it is mixed with 
water in the usual way, (g 40.) and is poured into a 
mould of the following construction ; — A core is turned 
out of hard wood, nearly cylindrical, but a little smaller 
at one end, in order that it may draw out of the 
diaphragm when made; the thicker end has a shoulder 
rising a quarter of an inch or more beyond the surface 
of the core, according to the thickness required to be 
given. This, as well as the length and diameter of the 
core, will depend on the kind of diaphragm required. 
A thin sheet of tin or copper is now tied round the 
shoulder; and plaster being poured between the core 
and the envelope, a diaphragm is readily made. These 
diaphragms are very durable; and will be found a 
great acquisition to those who, from local circum- 
stances, may not be able to obtain other kinds of po- 
rous ware. They are as good as all other dia^K'ca.'gma', 
belter ihan a very large proportion •, Kio\e ^.•^■cvCi-wijK^ 
than sny. 

SO. If, ia the inltoduclOTS ex.^-ivav^'^'^ 'i<(.«.'i^ 
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described, the amalgamated zinc and tliese diaphragms 
be employed, a constant battery is obtained, with all 
its parts complete. And if, iu addition, a bag of 
crystals of sulphate of copper be hung in the blue solu- 
tion, in order to recruit its strength, which is exhausted 
in proportion to the copper released ; and the acid 
water around ihe zinc be occasionally renewed; the 
action may be continued for days or even weeks. And 
by removing the mould as soon as a safificient thick- 
ness of copper is obtained, and supplying its place I^ 

another, three or four medals may be copied ™ * '' 

51, Single-cell Apparatus. — TLe an- 
nexed woodcuts represent the single- 
cell apparatus to its complete form, 
Z is a rod of amalgjimated zinc, 
wi the mould, ju the wire joining 
them, G the copper solution, p a 
tube of porous earthenware, contain- 
ing a solution of acid and water, 
To put this in action, pour in the 
copper solution, fill the tube with the 
acid water, and place it as shown 
in the figure. Last {§ 75.) of all put 
in the bent wire, having the zinc at 
one end and the mould at the other. 
of this apparatus is here given. 
The zinc is connected by a wire 
and binding screws with a metal 
rim; and on the latter can be 
hung several moulds, as in the 
drawing. Things are much more 
likely to go on well when several 
moulds, as thus, are operated on, 
than when only one is introduced. 
The reason will be manifest here- 
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the shelf well furnished with crystals. Tlie mould 
must not he too small in proportion to the size of 
the zinc. Tlie concentrated part of the solution must 
not be allowed to remain at the bottom. In the 
latter case, the copy will be irregular in thickness, 
— in the former, the metal may be a compact brittle 
mass; or may be deposited in a. dull red, a violet, 
or a black powder. The nature of these several 
depositions will be elsewhere alluded to ; (§ 62, &c.) 
so will also the relative proportions of the zinc, &c. 
(5 78.) 

53. Single Cell without Acid or itfercun/.— The tyro 
must not imagine from the above descriptions that acid 
and mercury are the sine qud non of success ; because 
eitherof the above apparatus would be effective, though 
in a feeble degree, by charging the porous tube with 
a solution of sal-ammoniac, or even with one of common 
salt; and using zinc in its ordinary state; and employ- 
ing a neutral solution of sulphate of copper. Sal- 
ammoniac, or hydro-chlorate of ammonia, consists of 
ammoniaand muriatic acid. Its electro-chemical ana- 
lysis is too complex to need 
a place here. Table salt, 
or chloride of sodium, con- 
sists of the gas chlorine ind 
the metal, suduim its ac 
tion is, that the chlorme 
combines with the zinc and 
forms the very aoluble chlo 
ride of zinc; and the sodium 
combines with the oxygen, 
fhat would be nascent at 
the diaphragm ind forms 
soda. This arrangement 
is not so powerful ; 
Other, because the e 
the favourable, mmiis the — 

UD/avoorabJe, affinities is Usa m ftie Ci^«i 'i'*-*^*''*'^'* 

the other. 
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54. A single cell apparatus may consist of & 
wooden box, well varnished in tbe interior, and divided 
inio two unequal cells by a partilton of porous wood. 
Tlie wood is prepared aa described above, (§ 17.) TTie 

^larger cell is filled with a Batiirated solution of sulphate 
of copper, the smaller with a half- saturated solution of 
murialc of ammonia, or one of common salt. In the 
former is a shelf for containing a supply of crystals. 

55. I do Dot recommend the use of the single cell ar- 
rangeroent, except for small objects ; I do not adopt it 
on the large scale. Seals are electrotyped by the simplest 
form of the single cell : a warm wire is pressed into 
the edge of the seal, whicli is then covered with plum- 
bogo ; the other end of the wire is twisted to a little 
piece of zinc, or even an iron nail, and the wire is bent 
II fashion : a little diaphragm, of card sewed up, 
having the joinings secured with was, is filled with 
water containing a pinch of salt, or a few drops of 
acid : this is placed in a tumblerof sulphate of copper; 
and the seal is immersed in the copper solution, while 
the other end of the wire, with its attached metal, is 
within the other liquid. — While upon seals, I may 
meution, that their electrotypes are easily backed up 
with lead. When fresh from the solution, let them be 
varnished with rosin, dissolved in ether, or otherwise; 
after which, there will be no difficnily in causing the 
adhesion of tin or of soft solder, when required, Uodet 
other circumstances, the best means of tinning is to 
wash the metal with a solution of chloride of zinc and 
sal-ammoniac, Mr. Lockcy recommended stearine in- 
stead of rosin. 

56. Battery Apjmratus. — A valuable improvement 
was devised in Russia, by Professor Jacobi,* and in 
England by a Member of the Electrical Society, Mr. 
Mason. "I" It consists in using a decomposition cell, 
analogous to that already described. (^ 11.) The con^ 

slant voitaic pair {% IT .) ot co'pV*'^ ^^^ '•■''^^ ^ iW 
* Vide Jatobi's Galvano-PlBBiic. 
t Vide Proceedings o[ ihe EleDlticaXSotVei.^, K^poWWftj. 
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as the generating cell. To the end of llie wire 
attached to the copper is fastened aplate of copper : to 
the end of the wire attached to the zinc is allixed the 
mould. The sheet of copper and the mould are placed 
face to face in the decomposition cell. This arrange- 
ment will be better understood from the annexed figure. 
A is a cell of Daniell's Buttery ; (^ 17, 50.) B the de- 




composition cell, iilled with the dilute acid solution 
of sulphate of copper ; c the sheet of copper to fur- 
Dish a supply; jjj the moulds to receive the deposite. 
To charge this, pour in the several solutions : hang a 
piece of copper on the brass rod c ; connect this rod 
with the copper of the generating cell by the wire z ; 
and the other rod ffi, with the zinc, by the wire ar ; then, 
and noKiiUhen, (| 51.) hang the moulds on the rod m. 

57. Solutions. — The solution used in this decom- 
positiou cell or depositing trough greatly depends on 
tbe battery or power employed ; with a cell of DanieH'B ' 
Constant Battery, a solution of about 2 sulphate of 
copper by measure, and 1 acid water (1 acid + 9 
water) is undoubtedly the best. When less power is 
employed, a little acid in addition is found to be advan- 
tageous. 

Professor von Kobell, instead of mixing acid water 

with the saturated solution ot aM\^Ua\,a'i?';i^i^Y'^,-*.4i*i 

solutions of Glauber's saU, ot o"! ^o\.^^ ■Awwv, -^^ ^'^' 

aitrate of potash ; by wWic\v means \ie o\iW^^ i^.'^j^.'*'^ 

Mvery malleable copper. GUvibct'^^'B^'^*^^'^^*"^'* 
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tbe best; it renders ihc Eolulion more condiictiUs, 
and is not iteelf decomposed by such feeble cuneoU, 
as are here in use ; while ita solution will take up U 
rauclisulphateofcopperascomnion water doe b. Twoof 
saturated solutjon of sulphate of copper, and one of 
sulphate of copper in solution of Glauber's aalt, ace 
stated to be good proportions. 

To the ordinary solution of sulphate of copper, 
Messrs. Elkingtons add caustic potash orsoda in small 
quantities, until the precipitate is no longer redissolved 
by the solution, and they tlius obtain a solution for the 
precipitating trough which gives up a greater quantity 
of copper for a given battery action, and gives it up 
also in ft less space of time. 

58. By an action already illustrated, (^ 13.) the 
copper from the solution is transferred to the mould; 
and the copper sheet is dissolved, being converted with 
the sulphuric acid into sulphate of copper ; thus keeping 
up the strength of the solution. The time is somewhat 
longer by this method : two days nill produce a medal 
of very good substance, firm andpliable. In speaking, 
however, of the time required for these experiments, it 
must be borne in mind that this depends much on the 
temperature. If the solutions are kept boiling, a medal 
may be made in a few hours. A single-cell apparatiiB 
can be readily treated thus ; contrivances may easily be 
devised for applying the heat from a furnace or a spirit 
lamp. In severe weather, the action of the battery 
almost ceases. During the severe winter of 1840-41, 
from November to March, my batteries were placed 
within a few yards of the fire. 

51. The advantages derived from the introduction 
of a decomposition cell are not limited to the prodnt 
tion of single copies. Two or more may be made with- 
out any further consumption of material in the battery. 
If, for instance, two cells be placed side by side, an 
the plate of copper (^ 55.") be p\acei m owe, %-Qd.^fas 
mould (§ 56.) ill the otliev. flieti, \^ Wft Xw'a c^VV* 
connected by means of a bent cojrpeT -ujiTg, ^\'gyn^ 
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the liquid of eacb, a circuit will be completed for the 
passage of (he voltaic current. In one cell, the copper 
plate will be dissolved as before ; (^58.) aod copper will 
be deposited on one end of the bent wire : in the other 
cell, the end of that wire will be dissolved, and copper 
will be deposited on the mould. If the bent wire is re- 
moved, and a mould is fised (^ 31.) on one end of it to 
receive the copper released in the Jirst cell, and a 
plate of copper" on tiie other end lo furnish a supply 
in ibe second cell, the one action of the battery will 
produce fteo medals. 

60, This mode of proceeding is not confined to tak- 
ing merely two copies at a time ; it may be extended 
much furtlier by using more cells. ExperieDce has 
taught me that six is the most convenient Dumber. The 
cells are to be connected, each to each, by bent wirei, 
having a mould on one end and a piece of copper on the 
other. In proportion to the number of cells used, the 
strength of the solution (^ 57.) in them must be re- 
duced by adding water, and its cojiductibility in- 
creased by adding acid. It is desirable to place the 
moulds and the sheets of copper as near together as 
possible, taking care that they do not touch. A single 
pair of copper and zinc in the battery or generating 
cell {_% 56.) will thus produce a series of six medals in 
three days, if the temperature is not much below sixty, 

61. They who possess the earthenware troughs be- 
longing to the Wollaston battery will find the cells, on 
account of their shape, very convenient For this purpose. 
These troughs commonly contain twelve cells : I have 
been iu the habit of connecting six with one battery, 
and six with another ; and producing, by the use of 
one trough, two dozen electrotype medals per week. 
The shape of these cells permits the moulds and copper 
plates to be placed face to face, which, with other 

' SnlJering is dot dgc< 
IB the copper, and tlie w 
™ well to rtT-aab the wir 
uailod by biadiag iciews, t 
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precautioDs, insures an even deposite ; — nod near to 
eacb other, which shortens the length of liquid to be 
passed through, and tlius facilitates the operation. 
The metal ohtained by thus placing the moulds in seriei 
is of the best description. Troughs, for this purpose, 
may be made in well-varniahed wood, of various Mzes, 
and be divided into six cells, by means of plats glassoi 
glazed porcelain partitions. 

62. The advanlage of this mode, in point of eco- 
nomy, will be manifest, when it is remembered that for 
every ounce of copper released from the solution in 
generating cell, an ounce will be deposited on eacA mould 
(page 20); and about an ounce of zinc will be consul 
in effecting this. Whether, therefore, one, (§ 56.) or 
six, (^ 60.) or even twenty moulds he placed in 
series, the snme quantity of zinc will be required. 
Hence an ounce of zinc may be made to furnish elec- 
tricity enough to produce, according to the will of the 
experimenter, one, or six, or more medals, each weigh- 
ing an ounce. 

63. Battery Apparatus extended. — Annexed is an 
engraving of a Daniell's battery, thus connected with 
a series of six cells, in each of whicli is a mould. 



A, the battery 



connecting 




copper plate C with the negative (§ 4.) plate of rt 

batCery ; x, wire connecting moiAA mV\\,V \W ivaai 

battery; a, a, a, a, a, five betv^ Wvtea, eai^\a:re 

a mouid at one end and a piece ot co^'e*': W-'*^*-^^ 
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[§31.) A little management is requisite in cliarging 
this, in order to preserve the bright surface (^ 51.) of 
the medals produced. — Charge the battery as else- 
where directed ; connect the copper-plate C with 
the battery ; — place a wire with its extreme ends dip- 
ping in the extreme cells of the trough ; then, having 
previously connected the zinc and mould with the wire 
X', place the zinc in the porous cell and the mould in 
its place at in ,- in about two minutes, it will be covered 
with copper ; after this, there is no fear of chemical 
(I 60.) action j then remove the end of the copper wire 
from the cell containing m, and place it in the next 
cell : — complete the circuit with the bent wire a, having 
a mould at one end, and a sheet of copper at the other ; 
after waiting a minute or two for a deposite of copper, 
remove the end of the wire one cell further forward ; 
and so continue till the six moulds are placed in. 

64. I have been in the habit of rendering the 
Electrotype art available in the production of the very 
apparatus which is destined to be employed in the art; 
and have produced a compact, neat, and very simple 
battery, by the same process by which the battery thus 
formed will produce copies of medals. 1 take a large 
jelly-pot, and placing within it some wax, stand it by 
the fire, till the wax is melted, and the vessel thoroughly 
heated; then turn it about, so that the wax shall 
■pread over every part of the interior ; and having done 
this, pour away the superfluous wax. When cold, 1 rub 
plumbago, in the manner formerly described, C§3B.)over 
the wax adhering to the sides. This vessel is then 
filled with a saturated acid solution of sulphate of 
copper, and in it is placed a porous tube ; the tube is 
filled with acid water; a piece of amalgamated zinc is 
placed in the lube; the wire, attached to it, is bent 
over, and made to press upon the surface of the plum- 
bago. In two or three hours, the whole of the interior 
where ihe plumbago is, "b\\\ te co-jwai. ■«'\'i-> ■TO^'!K\'i. 
copper. The vessel wUVnovj ^oTtaotvacS.'i^ft*-'^'-'*-**^**- 
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simplest generating or battery cells that can be con- 
structed : tliis deposition of copper forms the copper- 
plate, (§ 3.) of the voltaic pair. The plaster diaphiagm 
(^ 49.) and the solutions will complete the apparabia. 
Or the whole of the interior surface might be covered 
with plumbago; and when, aller having been used 
for a week or two, the deposited copper should be* 
come thick enough, it might be drawn out, or the 
earthenware cell might be broken from it, and thus 
a complete cell of a Daniell's battery (^ 66.) migbt 
be obtained without a seam or join. To connect a 
wire with this coating, it is only necessary to brighten 
the end, and bend it so that it sljall press closely. 

65. Smee'i Battery. — This very useful sonrce of 
voltaic power waa named by its inventor, the Chemico- 
mechanicat Battery. It requires but one liquid foi 
exciting it, namely, acid water ; the metals are amalga- 
mated line and platinized silver, ^that is, silver oa 
which molecules of platinum have been voltalcdly 
deposited in the form of a black powder. — A small 
quantity of the bichloride of platinum is mixed wtth 
acid water, and the solution is decomposed by the tue 
of a platinum terminal in connection with the coppertit 
the battery, and the substance to be platinized in con- 
nection with the zinc. A few minutes' action vSi 
suffice. Platinum is sometimes platinized ; but, for itt 
practical purposes, silver ia equally serviceable. Tfaii 
aggregation of small points facilitates the liberatioa of 
the evolved hydrogen, which escapes with a loud htsiiag 
noise, in place of adhering to the metal and inter- 
Tuptuig the action. The arrangement is generallj 
made with one platinized silver plate between two zinc 
plates, as in the following figure, where s is the silTM 
plate connected with the copper of the usual decora- 
position cell, and z the zinc plate connected with the 
moulds. In employing this arrangement, care must ba 
takea to avoid dropping avq buX^Vme cS. t^^^\ win 
tie acid water; for t\ie co^'pe^ wcnAi i^x ciossi" 
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reduced upon the silver plaU, and alter the nature of 
the battery. 




66. As the siUer plate in this arrangement is between 
the zinc plates, it foilows that the streams of hydrogen 
must ascend between the melaU of the pair, so that, 
while in one sense they form a partial screen between 
the plates, they, on the other band, prevent the plates 
beiog approximated within certain limits. A very in- 
genious modification of this arrangement has been 
devised by Professor Grove,* who substitutes platinized 
silver gauze in place of the plate of silver ; as, by this 
means a facility is afforded to the hydrogen of passing 
through the apertures of the gauze, and making its 
escape at the outer side instead of between the two 
plates, the latter maybe brought much closer together, 
without having the action intercepted by the presence 
of the liberated and escaping hydrogen. 

67. New EleclToiype Buttery, — As it is no easy 
matter to obtain silver gauze, I advise the following 
substitute, which has its peculiar advantages : — Take a 
sheet of cleaned (h 98.) copper gauze, of the exact size 
required, (for it must not be cut afterwards,) and affix 
to it permanently the binding screw or wire, which is to 
be employed afterwards in making connections. Place 
it then !□ a decomposition ceW , coa\,'ii\tv\ti^ wiiJasiR.«A 

copper, and submit each side to tVe acVw^ <A'Owi\.*»^ 
• Vide Proceed. Elec. 8oc. 5. Wl — *e?^ 1.\,\^*i^- | 



^ Ury, until a briglit deposite of pure copper is thrown 
down, of sufficienl thickness to coat all the wires, and 
to unite tliem permanently into one. Then remove aod 
wash it in boiling water. After which, electro-plate it 
by the means to be described in Part II. A piece of 
copptr gauze, thus prepared, will be even better fitted 

Kfor the desired purpose, than if it were of silver wire; 
A)r the deposition of copper on it, ^nd then plating thii 
deposite, will have advanced one great step towards 
altering the character of the surface ; and produciag 
one better fitted to throw off the hydrogen. The opera- 
tion wilt be completed, by platinizing according to tbe 
directions given above. 

68. In the illustration of the platinized batter;, 
(§ 65.) the metals are represented parallel and per- 
pendicular ; in the present arrangement there must be 
but one zinc plate, and the zinc and gauze must be 
vert/ near to each other, but must deviate a few degrees 

Jrotn the perpendicular ; and in such a direction thai 
the platinized gauze shall be, as it were, uppertnnl. 
For, as the gas finds its way to the surface in perpen- 
dicular lines, such a disposition of the arrangement 
will at once admit It to pass through the interstices of 
the gauze, and readily to escape by the desired channel, 
— the outside of the gauze. A better mode of con- 
structing the apparatus is to employ a gauze on each 
side of the zinc. In this case, the zinc must be perpen- 
dicular ; and the gauze not eiacihj parallel, but rather 
closer at the top than below. The difficulty of obtain- 
ing copper gauze led lo the production of electro-lace, 
which was first suggested and made for this kind of 
battery by Mr. Phillips of St. Austell. 

69. Electro-Lace. — A piece of lace is stretched ona 
frame, and well rubbed with warm wax: it is then 
held to the fire to effect its saturation with wax, and it 
placed afterwards, and while hot, between two pieces (tf 
blotting paper in order lo xemo-ie vW ■mvli, ^iq-wi tlia 

psttern ; or it may be satwratei ■w\*.\i "jaxm*!. V.N 
then phimhagoed and treated a-a ^.n oTi\'\'itt^ 
■^ row hours' action wiU so depowW tcvev»\ Ott. 
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eseot tlie character of a peTfect conversion into cop- 
T. This may be plated, and then ptatinizeil. 
70. Constanl Acid Battery. — Since the appearance 
the _first edition of this work, I have been eniploy- 
g, with slight modification, an ordinary acid battery, 
jmely, a chemico-mechanical battery, in which rough- 
ed copper is used instead of platinized silver; and I 
d it admirably adapted to the purpose of Electro- 
rpe. Other circumstances being the same, it requires 
sarly twice the time of a sulphate battery : but this is 
a degree compensated by the fineness of the deposite 
)tained, and the trifling expense attending its use. — 
I interior of a jar is coated wilh copper, (§ 67.) and 
action is continued untd the solution employed for 
lis purpose is nearly exhausted. By this means, the 
irface of tlie copper obtained presents an infinite 
umber of small points, which very readily part with the 
ydrogen. The principle is precisely that developed 
y Mr. Smee, and brought to practice in his platinized 
attery. — This arrangement may be adopted without 
le use of diaphragms. Amalgamated zinc is em- 
loyed. I find that this kind of battery, variously 
rranged, is greatly used in the arts. Sometimes a 
ingle battery is sufficient ; at oiher t' 

Cor four, havi 
jper of the next ; as in this engr 
i 
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I have myself been of late operating with this batterj 
on a large scale, using surfaces of from 10 to 14 square 
feet : — If the copper surface has been exposed to the 
air for any time, while the batlery is out of nse, it 
should be well washed with acid water, or the old m- 
lution of zinc, before using it again, in order to remove 
any oxide of copper that may be there. Under these 
circumstances, I have every reason to be satisfied nith 
its action, and to prefer it, from its sinnplicity and 
steady action, to any other form. 

71. Prince Bagration's Balttry. — A pan is filled 
with earth, which is then saturated with a solation of 
sal-ammoniac : a copper plate, having been first welted 
with solution of sal-ammoniac, and then exposed to 
the air until a ^een film is formed, is thrust into tbe 

FID of earth ; and opposite to it is thrust a zinc plate. 
rof. Jacobi speaks favourably of this source of a con- 
stant power for the reduction of metals. 

72. The Earth a Battery. — When slow actions are 
required, the earth itself may be made a source of 
power; all that is necessary being to bury in it large 
plates of zinc and copper. The native moisture of the 
soil constitutes the exciting liquid. 

73. Decomposition Cells may be constructed of lU 
sizes, according to circumstances, of wood, protected 
with varnish, or other compounds impervious to water. 
Two parallel wires are secured along the top ; one is to 
be connected with the zinc, and the other with the 
copper of the battery. On the former are hung the 
moulds, by merely bending the wires attached to them, 
into a hook ; and on the latter is hung a sheet of cop- 
per. These wires may be placed nearer to each other, 
as circumstances require. By this means, severd 
medals may be made at the same time. This arrange- 
ment is most commonly adopted : it does not of course 
economise the zinc, as described in a former place 

(§ 62.) One ounce of zinc, ptoduceas\T.oiwiote.Ti\edaIs, 
not weighing each, but all together avi o^iwtfe- 
74. The deposited meta\ wiW vteaeaV '• 
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m, according to tlie relative position of tbe mould 
Ifte plate of copper ; if they are face to face, and 
illel, the thickness will be uniform or nearly so ; 
;taUy speaking, the copper on the lower part of the 
Id is thicker than that on the higher : this occurs 
k the specific gravity of tbe sulphuric acid, used to 
■rthe liquid conductible, determining it in a mea- 
■ovard the bottom of tbe cell, rendering the lower 
prf the liquid more conductible than the upper. 
;ause a more uniform distribution, it is better to stir 
liquid occBsioually. But in many cases it is ad- 
ble to have a flat trough, as in tbe annexed sketch, 




place tlie mould below and the copper plate 
With large casts, and those in deep relief, this 

dutely necessary ; for without it a uniform thick- 

B the depasite is next to impossible, and the solu- 
ithin the recesses of the mould, being uoable to 
t and interchange itself with the rest, as it be- 
exhausted of metal, soon gives a brittle deposite, 

feolly no deposite at all. My largest trough, 
will contain upwards of a hundred gallons of 
in, is of this form, and is lined with a mixture of 

lite and rosin. Mechanical arrangements keep 

riuld sunk, nntil the deposited metal is itself 
enough for the purpose. The copper plate is 
wed once or twice a day and washed, to prevent 
ling the cast with the impuT\t'\ea ot \^t \Yie,va!i. 
I order to hasten tbe Ihickewng <j^ ^^^ i.^^^^-^ 
eaeor Jacob! has recommended \V«X wi^^«x «<.«»s 
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be occasionaiiy sifled upon the Electroty^pe ; and when 
one batcb of filings have become incorporated with the 
solid metal, by means of the reduced copper, he ad- 
vises other sitliags to be made : and so on. 

75. Management of Ike Moulds. — Thus much, tlien, 
with respect to the construction of moulds, and the 
nature and various forms of the voltaic apparatiu. 
From what has been said, ihe reader will be able to 
make his own selection, according to circumstancei; 
he will see the capabilities of the several processes, and 
adopt the one best suited to his particular purpose. 
It remains now to give a few special directions in re- 
ference to the management of moulds, and of the 
voltaic apparatus generally. The copper solution will 
act chemically on the fusible metal, if the mould is 
placed in it before the battery is in action , and will pro- 
duce on its surface a dirty, dark deposite. To guard 
against this, it is necessary that everything should be 
arranged before the mould is placed in the situaticm 
allotted to it. (§ 51 .) The circuit should be completed. 
by immersing the mould lasl. With this precau^on, 
the immersion of the mould, if oF metal, will be fol- 
lowed by an inslanl deposite of copper on its whole 
surface ; after which there is no fear of the oxide. A 
circumstance no less strange than true in these experi- 
ments, is, that the surface of a fusible mould thus man* 
aged is never welted by the liquid in which it is placed'; 
iu fact, it never comes into actual contact with the liquid; 
its immersion in the liquid and its receiving a coating 
of copper are simvllaneuus ; the one is the instanta- 
neous cause of the other. When the copy is removed, 
the mould is as bright and as dry as when fint 

76. The deposition of the copper on the plumbagoed 
surface (^ 39.) of the wax moulds, is not thus mstan- 
taneous. The film of conducting substance with wfaicil 

they are coated being verj t\i\n, ai\4 luA tcra'Mi.'aHMk, 
t/is operation is a step by alep ptdceas ^^cita ^**ttfii! 
to panicle. The deposition ot covi^t Sa qr^^*-J■ 



I the oeighbourliood of the wire at- 
tached to them, and spreads gradually over the 
remaining portion. These mouMs do become wetted, 
and the medals obtained from them often come off 
with dirty surfaces ; the medals also bring with them 
the whole or part of the plumbago, and hence the 
moulds, if not damaged, require a fresh coat of this, 
before they are used again. These dirty specimens 
aay be very readily cleaned, if required; the mode 
*il! be described in the sequel. The production of 
dirty medals is the least evil arising from the use of 
plumbagoed moulds ; there is one of far greater impor- 
tsDce — one which requires some attention to escape. 
4« the deposition of copper, which is grarfuaZ/y diffused 
iver the whole surface, commences at one point con- 
iguous to the connecting wire, it follows that the 
lower of the battery at the first is concentrated in a 
nnall space. The consequetice of this will be, that, 
unless means be taken to avert it, hydrogen will 
be evolved with the copper at _first, decreasing in 
quantity til! enough of the mould is covered with a 
film of copper to increase the size of the surface to 
the requisite standard for releasing copper alone : after 
this all things go on well; but it is invariably found 
that the portion near the wire, from the irregularity 
of the primitive deposits, is rotten or very brittle. To 
prevent this, 1 always begin by placing a wire in Heu 
of a plate, opposite the plumbagoed mould, in the de- 
composition cell ; this reduces the power of the battery 
or the quantity of electricity passing : — as the copper 
deposites, I immerse the wire to a greater depth, and 
when the mould ia partially covered with copper, I re- 
move the wire, place in the copper plate, and leave the 
experiment with the assurance of a successful result. 
But moulds furnished with guiding wires (§ 39.) may 
be put into the decomposition cell without the precau- 
tion of using a leire first, instead of a ■plate^ as above 
si/gg-esred. — It will occasionaW-j occot \wwa.-(, v&ii^&s. 
and sometimes ia fusible raeXa-V wvovAi* Q^ ''Wi ^"^^ 
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borately executed medals, that bubbles of air retQ, 
in some of the complicated interslices ; these must' 
removed, or the result will be infftllibly disfigu,,^ 
They are removed by lightly brushing tbe surra.ce o/ 
the mould with a feather, immediately after it 19 un. 
mersed in the liquid. If it should seem that any pari 
of the mould Is not sufljcieotly coated with plumbago, 
it may be removed from the .solution, washed with 
water, dried with blotting-paper, and again rubbed 
witli plumbago. This will sometimes save it, although 
generally such a condition of lliing^s announcee a 
failure. 

77, Management of the Battery Apparatus. — Tbe 
BlectrO' typist, who expects to find all his experimenD 
goiug on favourably, will be often grievously disap- 
pointed : with the best intentions and the most tost- 
ful arrangements he may sometimes fail. For, afUr 
having observed all the directions hitherto given, bit 
battery may have too little work lo do, or too muck: 
and this can only be determined by experience, and by 
attention to the principles laid down in this book. 
The former will produce the dark powder, elsewheB 
mentioned (§70.); the latlera hard, red, 6n*Hie deposit*, 
or a heap of crystals. The terms too much and (« 
little are here used in a very general sense, and will be 
better understood by describing (he causes, the rentiti, 
and the mode of rectifying these irregularities. 

78, If the battery is too large, or the copper plate 
in the decomposition cell is too large ; 01 if the 
mould is too small, hydrogen as well as copper will 
be released, and the depoaite will be the dark powder: 
the same will occur if the solution in the decomposition 
cell contains too much acid or too little sulphate of 
copper. To rectify this, the battery may be made 
smaller by pouring out some of the solution, and so 
exciting less of its surface; or a smaller copper [Jate 
maybe used in the decomposHwisv tetl ■, or crystals of 

sulphate of copper ma^ be iAvtD'«ft\r.^.<i'v^e-\\a^\\iwifc 
taiaed t/ierein; or the coyget y\aA.aa.aa.TOa^'Aia»^; 
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battery. Each or all of these altetationa may be made 
according as circumstances o ' ■ ■■ ■■ 

late; a few days' experience n 
of instruction. 

79. If the battery is too small, or the copper plate 
in the decomposition Cell loo small; or if the mould is 
too large, or if the decomposition cell contains too little 
acid or too much sulphate of copper, or if the weather 
be too cold, the copper will be deposited very slowly, 
and will present a dull red exterior, and be of a very 
brittle texture; or will be tlirowii down in a crystalline 
form. The alterations necessary to rectify this defeci 
will readily suggest themselves. 

80. The medium between these two conditions for- 
tunately has a very wide range, so that the chances of 
avoiding the two extremes are greatly in favour of 
the experimenter. The lines of demarcation within 
which tile proper deposite is obtained, are, as may be 
imagined, not precisely defined. And hence the depo- 
sited metal possesses various gradations of character, 
according to the circumstances under which it is 
obtained. When all things are going on well, if the 
mould be lifted out* of the solution, it will present a 
brilliant, light, copper-coloured surface ; this charac- 
teristic can scarcely be mistaken after it is once seen. 

81. In addition to this, the following general ob- 
servations on the theory of the deposites, may be 
acceptable : — " It was thought that the rotten deposite 
— a characteristic with which all those who are butjuat 
initiated into the art are familiar — results from the 
presence of the sulphate of zinc among the sulphate of 
copper. . . . The real cause depends on the relation 
subsisting between the generating power, dependent 
on the action between the zinc and the acid, and the 
strength of the solution of ttie auX'^V'slLt li'l c-aipyai-a-^ 

' Tbe mould mnj b« removei Wn.\i m^Mm'.'! . «S5Kt ■*■■«■ ■*' 
oMtMf iri^i melal. 
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which this power is exercised. If the latter is we^ 
saturated, the copper will be released pure and finni 
if it is almost exliausled, the hydrogen gas will be re- 
leased with tlie copper, and the deposite will be a dull 
powder. In the wide range between these two statu 
is found the brittle deposite: it appears uDder man; 
varieties of forms, according as the solution is nearer 
to a state of saturation or to one of exhaustion on the 
one hand ; or according to the energy or weakness of 
the affinity between tlie zinc and its exciting solutioa 
on the other. This Jatler condiiion exists in a modified 
form, when a large piece of zinc is used with a tmall 
object to be copied. The deposile is very hard, but 
not tenacious, it may be easily broken. In copying 
seals, and such like small objects, little pieces of zinc 
an inch square are quite large enough." 

82. The medals are removed from \.)>e fusible moulds 
by gradually raising the edges with a pointed instru- 
meuC, a brad-awl, for instance, and then using it lever- 
fashion to raise the medal out of the mould. Care mmt 
be exercised in this, for the contact between the tvo 
is so close that the force occasionally required may cot 
the medallion. The separation from the wax-movUl 
requires no force, they are laid face downwards od a 
table, and after pressing the slight over-lapping edge 
of copper with the brad-awl, in different parts of the 
circumference, the two may be pulled apart. 
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83. If proper precautions are taken, the medall 
from the fusible moulds will generally present a 
bright copper surface ; occasionally, however, they will 
present a very brillianl surface, greatly reseoibling 
silver. When this is the case they are ready, without 
further (rouble, for the cabinet., T\\e ai.'nw'i tint is 
on/y obtained ca Jirst spec'vme\i5 : \\, viov^ii ses\Q. ^Nft 
the surface of the neiu-made mou\dB coNwci -siSsi 



metallic film, which attaches hseU frmly to the surface 
of the deposited copper. It is so 6rmly attached, that 
it may be polished with a leather, or plate-brush, with- 
otrt sensibly affecting it. If specimens of this descrip- 
tion are exposed to the air, they will occasiooally 
require the application of the plate-brush to restore 
tbeir primitive brilliancy, 

84. Chemical Bronze. — There are many modes of 
bronzing employed in the arts, the intent of each is 
to bring out the workmanship of the object. The 
selection is entirely a matter of taste. To prevent too 
great a sameness of appearance in a cabinet, it is per- 
haps better not to confine oneself to a solitary method. 
— A chemical bronze may he made by boiling two 
ounces of carbonate of ammonia with one otmce of 
acetate of copper in half a pint of vinegar, till the 
vinegar is nearly evaporated. Into this, pour a solution 
consisting of sixty-two grains of muriate of ammonia, 
and fifteen grains and a half of oxalic acid, in half a 
pint of vinegar. Replace the vessel on the fire till the 
contents boil ; when cold, strain through filtering paper ; 
preserve the liquor for use. The remaining sediment 
may be again treated with another half pint of the 
solution. This preparation must only be applied to 
medals perfectly bright and clean. 

85. Dirty specimens may be polished by an ar- 
ticle used in domestic economy, consisting of rotten- 
stone, soft soap, and water ; the medal is to be well 
rubbed with a hard brush dipped in this. Care must 
be taken not to scratch the medal. It must afterwards 
be washed in water and placed to dry; when dry, 
the application of the leather and plate-brush will pro- 
duce the required polish. Medals may also be cleaned 
by dipping them for a few seconds in nitric acid, either 
concentrated or diluted ; wan and grease may be re- 
moved by boiling in pearl-ash and water, or by pouring 
the boiling ley on the meAa\a ■, ot "^i^i ■«i^i^\«t -^sSa. 

turpentine. Cleansing ptocesaea V^\ >«. \&wfc '.-^c^ 
rfwenbe^n the Secqi^ "Paj^,^^^^^^^^ 
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^nro-gilding; and plating, in which they are of prir»«l 

^Rgnpcirlance. f 

^M 86. In applying the bronze, first warm the meda/, 

H iben dip a camel's hair peucit into the liquor. (| 34.) 

^B ind brush the surface for /lalf a minute ; immediately 

after, pour boiling water over it ; directly the medal ii 

rfry, rub its surface lightly with soft cottoD, very 

slightly moistened in linseed oil : gentle friction with a 

piece of dry cotton will finish the operation. The 

colour produced by this means, is red; its tint varies 

according to circumstances. Medals bronzed thai 

niust be examined occasionally before they are c 

signed to the cabinet ; for if perchance the vinegar hai 

not been ptrfectly washed away, they will be disfigured 

hy the formation of a green powder, — the acetate of 

copper. Should this occur, tt may be removed by 

means of the moist and dry cotton. 

87, Black Lead Bronze. — A very beautiful bronze is 
obtained by the simple application of plumbago ; it U 
obtained in a few minutes, and with very little trouUe. 
The tint obtained seems very much to depend on the 
condition of the surface of the original medal ; copiei 
of some medals 'take' the black lead better than thcw 
of others. To produce the tint in the greatest perfec- 
tion, the operation should be performed immediate^ 
after the medal is separated from the mould. Brighi 
specimens from fusible moulds are best, but all otben 
may be thus treated ; those taken from wax should be 
cleaned with pearl-ash or soda. 

88. The bronze is obtained by brushing the Burface 
of the medal with plumbago; then placing it ( 
a clear fire till it is made too hot to be touched, and 
applying a plate-brush, as soon as it ceases to be Iiot 
enough to burn the brush, A few strokes of the bmd 
will produce a dark brown polish, approaching blacky 
hut entirely distinct from the well-known appearanceof 

it/ack lead. If the same operation \a ^ct^wch«.4. e^ v 
medal lliat has been kept some Aa-ja, ot v.'^Qn oa^ftal 
Jibs been polished, (^ 8.50 a diKtTwt buX. '<<i.^ '^t^ 
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tint is produced. The colour is between red and 
brown. The ricbness of colour thus produced, is by 
many preferred to the true dark brown. 

89. Carbonate of Iron Bronze.— Very beautiful tiots 
are produced by using the substance commonly kaown 
as plale-powder, or rouge ; after moistening it with 
iraler it is applied and treated precisely in the same 
maniier as the plumbago. Some care and practice are 
required in its use, lest ii should slain instead of bronze 
ihe medal. — I have received from the publishers of 
this book a specimen of bronze superior to any I have 
elsewhere met with, it leaves nothing to be desired. 
— Should an experiment fail, the several bronzes may, 
in many cases, be removed, and the attempt can be 
repeated. 

90. Mounting the Medals. — I have adopted a 
method of mounting the medals obtained from the 
fusible moulds, (§ 20.) which gives a finish to their 
appearance, I obtain pale green cards, the size of 
visiting cards; and cut some of these into single 
squares; the width of the card being the side of the 
square; others into smaller squares, half the length of 
tfae card forming the side of the square. A pencil 
circle is drawn the size of the medal ; and two ink 
circles in order to ' throw' the medal ' forward.' The 
part within the pencil circle is cut out ; and waste 
cards are cut to fit the extra edge of the medal. Tlie 
two cards being fixed together with very strong gum 
water, the medal is placed in, and secured by another 
card gummed on at the back. The obverse and reverse 
are then gummed back to back, and thus the appear- 
ance of a perfect and solid medal is produced, equal, 
in point of workmanship and beauty, to the original. 
To liold the cards together until the gum dries, I use 
cleft-sticks. The medals obtained from wax moulds, 
having no addition to the edges, are not well fitted to 

be mounted thus ; they ma.-^ s\T:t\T^'j Vise, tcw^ '^'^'^'^X^ 
less removed from their edjea VaV a, 5cvw^ «v<i,-BsA^ 
faged in the cabinet w\l\\o\iX. \ie\R^ ?v\.\.«.i- ■«i-'^ 'i^^ 
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v.— CONCLUDIKG OBaERTATIOm. 

9 . Having now gone systematic at) y tbroofh Ibe 
process of working in copper, by means of the voltaic 
current, lialting here and stepping aside there, in ordei 
to make all things as clear as possible ; and having 
fuiRlkd my promise,(^ 1 .) of leading the reader " from 
the oiiginal medal to tlie perfect copy, ready for the 
cabinet;" I trust he is in a condition, so far as these 
instructions are concerned, to go from small things to 
great, and by increasing the size of his apparatus, ai 
it shall seem good to him, to carry out on the large 
scale what he has here been taught to do on the Bmail, 
I now, therefore, refer him to Part II., in which the 
manipulation with gold and silver, and other metal) 
and alloys of metals, will be detailed; and all and 
uindry the leading applications and the extensin 
lamifications of the art will be set before bim. 
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Add battery, constant, § 70. 
Afi&nity, elective, electro-chemical, §^4. 
Air babbles to be removed, § 76. 
Amalgamation of zinc, § 46. 

Battery for works on a large scale, § 70. 

Prince Bagration's, § 71. 

• produced by the Electrotype process, § 70^ 

the earth as a, § 72. 

too large, § 78. 

too small, § 79. 

without acid or mercury, § 53. 



Black lead for wax moulds, § 37. 
Brittle copper, mode of avoiding, § 77. 
Bronze, carbonate of iron, § 89. 

Knight's, § 89. 

chemical, § 84, 

application of, § 86. 



plumbago, § 87. 



Charcoal, or carbon, for negative plate, $|5. 
Chemical action, ordinary, cause of, ^ 46. 
Chemical effects, ordinary, $ 7. 18. 
Chemico- mechanical battery, § 65. 
Cleaning Electrotype medals, § 85. 
Clich^e moulds, § 26. 
Constant battery, § 18. 56, &c. 

Copper in good condition, chances in faNOxa qI ^v^'^vn&ml^ S"^^ 
■ ■ ' irregidanty in the deposUioii ot, ^7\. 



DaaiGll's aonstant battery. § 18. ^S. ^M 

Decnm position cell, § 43. 73. H 

flnl, i 74. 

introduction of, for Eleolrotjpe, § 56. 

of Ewlphate of copper, 5 12. 13. 

Diaphrn^niB, bronD paper, 6 44. 

membrane, §48. 

pipe clay, ^ IS. 

plaster of Paris, J 49. 

Elastic tDODlila, § 42. 

Electrical eqnilibrium , diatorbanee of the, J G. 
Electro- cbetcicat equivalents, page 9, j 5\. 
Electro-lace, | Ii9. 
EleclrolyeiB, description of, § 10. 
~ Electrotype, § 14. 

facility of practising, { 15. 

minutelj correct in copying, J 24. 

Filings for thickening cagts, § 74. 
FUinc from charcoal paints, page 1 B. 
Flowers, mode of copying, ^ 39. 
Fiiaed compounds decomposed, page Ifl. 
Fusible metal for smaller medals, ^21. 
ingredients in, J Z2. 

Game for batter; plate, f GC. 

Geaerating cell, ^ 43. 

Glauber's salt to give conducting power, f 37. 

Guiding wires, i 39. 76. 

Heating power of batterieB, J 19. 
Hydrogen released at the copper plates, f 4. 
released with the copper, § 78. 



Medals to be cold for use, ^ 24. 

Metals released at nesBtivo end of Voltiuc pairs 

Moulds mads In parts, J 41. 

management of, J 75. 

of fusible metal not wetted by the Lquid, f 71 

Moulds, preparation of, page 20. 
Mounting Electrotype medals, iiLQ'leo?,'^'iO. 
lUariate of Aramonin for BatterVcB, % W- 
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Names given to the art of copying by Voltaic Electricity, § 2. 
Negative end of the battery, which is the, § 8. 

Oxygen released at the positive plate, § 4. 

Phosphoms solution for flowers, &c. § 39. 
Physiolo^cal effects of Voltaic electricity, page 1 9* 
Plaster casts, facility of obtaining, § 34. 

wax moulds from, § 35, 

diaphragms, moulds for, § 49. 

of Paris, manipulation with, § 40. 

moulds, § 40. 

to be used fresh, § 49. 

— — removed from wax, § 36. 

Platinized silver, § 65. 

Platinum terminal wires, § 13. 

Pliable copper, directions for the production of, § 58. 77« 

Positive end of the battery, which is the, § 8. 

Plumbago, adulteration of, § 38. 

for wax moulds, § 38. 

mode of application to wax, § 39. 

Removing medals from moulds, § 82. 

Saucers for fusible moulds, §25. 

Seals, mode of copying, § 55. 

Series of moulds, deposition on a, § 60. 63. 

Silver for a conducting surface, § 39. 

Silvery surface, production of, § 83. 

Single cell apparatus, $ 51. 

Smee's battery, § 65. 

Soldering, § 55. 

Solutions, ^ 57. 

Stearine for moulds, § 33. 

Tallow, use of, for saturating plaster of Paris, § 40. 

Temperature of apparatus, $ 58. 

Theory of deposites, general observations on the, § 81. 

Time to produce Electrotype copies, § 58. 

Troughs for a series of moulds, § 63. 

Varnish for fusible moulds, § 31. 

Voltaic apparatus for Electrotype, page 31. 

Voltaic current, direction of the, illustrated, §9. 

— — great effects of, $ 10, 

iliastrated, § 4, 

Water battery, page 19* 
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Witer, cbemicd GDmposition •>!, i 4. 

Wbi mould!, $ 32. 

cautions oonceniing, i?6. 

□S frooi mmUlc, ^ 32. 

^coDduetible, S 37. 
— used for copying larger medajfl, $ 
Wire. Btlachiiig to fusible mo^ds, J 31. 

— — wnn moulds, ^39. 

Wood for porous diapliragiiii, ^ 53. 

Zinc and capper, a voltaic pair or, i 3- 

mode of aiunlgttnialiQg, 446. 

Zinc, pure, $ 46. 
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PART II. 



I. Introductory Observations, 

92. Having in Part I. given the mode of working m 
coppery we pass on now to other metals. First in im- 
portance come gold and silver. The earliest experi- 
ments in electro-gilding were those by Brugnatelli, who 
gilded siWer medals by electricity, in 1805; he used a 
solution of nitro-muriate of gold mixed with a solution of 
ammonia. The next were those of De la Rive, in 1841, 
who used a solution of chloride of gold. But these pro- 
cesses were interesting rather in a theoretical than in a 
practical point of view ; inasmuch as the elective che- 
mical affinity of the elements (combined in these solu- 
tions with the gold) for the baser metals, which might 
be immersed in the solutions, is such, that a violent 
interchange of elements takes place, and the gold is 
set free without even electric agency ; and the solu- 
tions are so readily decomposed by the smallest adven- 
titious aid, that it is a practical impossibility to obtain 
a ** reguline" deposit, however much the voltaic power 
may be modified. 
The same observations app\^ lo >3cv^ otSLvttax^ ^'5^^& «2^. 
Mttver, as, for example, the mliate, &<i» ^^ \^rX>\^^ 



Bfttc*aft*m lunntiaMK 

lefore the tlieory of chemical depositee was u ndei 
made some experiments upon tlie electrotysu < 
alt, and succeeded in produciug an electrotype 
vith a {i^ver surface being I think the first Jni 
►f electro- plating, when the ohjeci of the e:rp^, 
vat electrO'plating. But I was unsuccessful ii 
Lttempts to repeat the experiments; and stiaplr 
:ause, in that instance, 1 chanced to have in actio 
lower nicely balanced with the work to be perfori __ 
jut in future instances my power was not adjusie<t; 
:he wock. 

93. The first practical process for working in 
aoble metals, is, undoubtedly, due to the pateni 
Messrs. Elkington. Others have laid claim lo hai 
been the lirst to use solutions similar lo theirs; ' 
whatever may have been done by these othi 
private, it does not appear that the public we 
possession of their processes by any authentic pil) 
cation; and therefore, there is no alternative but to 
give the patentees the claim of originality and 
priority. 

94. The solutions they employ are the argento- 
cyanide and the auro-cyanide of potassium; upoa 
which compounds it will be well if we make a few Ob- 
servalious here, at the outset. They are what tbs 
chemists term double salts, as for instance, cyanids 
of potassium is a compound simply of potassium and 
cyanogen ; argento-cyanide of potassium is silver and 
cyanogen combined with potassium and cyanogen, or, 
which amounts to the same thiug, cyanide of silvet 
united wiih cyanide of potassium. 

When viewing (| 13.) what happened during the 
decomposition of sulphate of copper, we had occaiiAa 
to describe that body as oxide of copper, dissolved in,M 
combined with sulphuric acid : now, oxide of coraet 
is I part copper + 1 part oxygen, and sulphuric acid is 
I pait sulphur + 3 paria oxygen, and a certain 
qamnhy of iv.iler ; so that, altogether, the arrangement 



israoHtrnwHT omEitvATnwB, 



Ipnewhat complex. This is not so much the case 
Hthe bodies now in question; and first, in respect 
m aimpie ci/aiiide of potassium, before it is united 
Khe gold or silver. It conaisis simply of one 
IvBlent of the metal potassium, and one equivalent 
Dyanogen ; and, when it is acted upon by a voltaic 
Suirenl, in the usual way, it is decomposed by direct 
action, and cyanogen is liberated at the one pole, and 
potassium is determined to the other, but not liberated. 
It will be remembered {^ 13.) that, in the solution of 
Sulphate of copper, water was decomposed by the 
^reel action, and that the copper was liberated by 
n secondary action, namely, by the hydrogen of the 
fVBler returning back into solution in the place of the 
copper. Well; the cyanide of potassium is decom- 
posed by direct action, and potassium is presented to 
(he negative metal ; but a secondary action now 
wcurs : so great is the affinity of potassium for 
osygen, that it cannot exist in a metallic form in 
presence of that element ; as is well known from the 
common experiment of dropping a piece of potassium 
upon water, when it combines so violently with the 
Wiygen as to produce heat and light ; and the resulting 
products are oxide of potassium, the common caustic 
jiotash, accompanied with a liberation of hydrogen. 
80, also, in the present case; the potassium does not 
itself appear, but, in its place, we Und hydrogen and 
potash ; it takes oxygen from the water and fonns 
potash, and sets the hydrogen free. It is true, we are 
in possession of a means of preventing its return into 
solution, and this is by employing a mass of mercury 
to receive it : in which case it unites with the mercury 
Bad forms the amalgam of potassium ; and neither 
hydrogen nor potash are manifested ; but it will 
remain thus only under favourable circumstances; foT 
if the connections with the battery ate broken, so that 
the mercury ceases to be negaUveX-j eXeiAtv^^i "^o^ 
polaaaium immediately leaves \t, ani. i^cotwjcft** "Sw 
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'Bter as before. Thut much in reference lo tl 
ijanide of poUssium. Of llie double cyanlda. 
rgeiito may l)e taken as an example. It consist! t 
part cyanide of potassium and 1 part cyanide C 
ilver, — tlie latter cyanide, like the former, consistiO; 
if I part metal + 1 cyanogen. When a solulioa t 
double cyanide is elcctrolyzed, silver appean I 
pole, and cyanogen at the other. But, !n order t 
production of this result, it is absolutely esaentil 
lliat there be a considerable surplus (luantity of th 
/anide of potassium in Holution; indeed, it is prett 
tvidentthatlhc direct action is the decompositiOQ ( 
be surplus cyanide, and thut the silver is reduced b 
econdary action in the following way : when til 
aetal potassium is reduced from its cyanide, it retdn 
Dto solution, and takes the place of the silver in tt 
louble salt, setting the latter metal free; so dli 
fhile on the one hand an equivalent of simple cyaotd 
S consumed, on tile other hand an equivalent is fornet 
ind the equivalent previously engaged to form wit 
the silver the double salt, is also free; and thus b 
there is an increase in the quantity of simple cyUH^ 
if potassium. But, if the positive metal is silver, & 
cyanogen combines with it and forms cyanide of silvet 
cyanogen is a gas, and like oxygen will combtl 
Rith metals in this its nascent state; tliough, usKll 
oxygen, it isa compound body, consisting of 2 eqtl 
ralents of carbon + 1 of nitrogen, whence it is ul 
enned bi-carburet of nitrogeo. Well: cyanide i 
JIver is insoluble in water, and hence wo;ild form i 
Insulating crust on the silver plate were it not for ti 
iresenee of cyanide of potassium in excess in solu^QD 
t readily dissolves in this, and so keeps up tl 
Strength of the solution; and the extra element ' 
cyanide of potassium, mentioned above, is thus noi 
tralized. 
Having thus described iVie genw^ tVKraR.\«i >& i 
mule aoJution, il remaina fgi m* «> i«*i "^^ 
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tei by which the several elements are most favour- 
V brought together. 

B. Cyanide of Potassium.— To chtam this, we bbI 
I with the ferro-cyaniirel of potassium, or yellow 
peiate of potash of commerce ; and as this prussiate 
eadily accessible at all chemists', it is better in 
Kal to purchase than to make it; the mode by 
idi it is obtained will be found in any treatise on 
Ristry. It consists of 1 equivalent of cyanide of 
1 + 2 equivalents of cyanide of potassium. It la 
'l bright yellow colour, and is converted into the 
tnrleas simple cyanuret in the following manner ;— 
■e 4 oz. of the yellow prussiate, break it in small 
^s, and dry it well on a plate of iron ; then reduce 
D a mortar to exceedingly fine powder. Dry and 
bid in like manner IJ oz. of carbonate of potash. 
prporate the tivo ingredients thoroughly. Place k 
ftiaa crucible in the fire ; and when it attains a red 
; throw into it the prepared mixture, and closely 
r the crucible. Keep up the heat, and tbe con- 
1 of the crucible will soon fuse, and tbe fluid 
mass will become red-bot. After this, immerse in it, 
from time to time, a hot glass rod ; (he mass, which 
adheres in the early stages of the process, is brown on 
cooling ; as the heat is continued, it appears yellowish, 
and finally, colourless and transparent. The opera- 
tion is then complete : the crucible must be removed ; 
and after its contents have been allowed to settle, the 
fused mass may be poured off: the greater portion of 
which consists of the simple cyanuret of potassium* 
The impurities contained in this product are not detri- 
mental to its use, in a general way, for the purposes in 
view ; however, in cases where it is required pure, it 
must be boiled in strong alcohol ; and when the alcohol 
cools, the pure cyanide will be deposited in the form 
pf small white crystals, TWs b^\*. v& nwj it\\i^««y«A., 
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I muit therefore be retained in close bottlest 
readily be recognised by its powerful odour, 
to that produced by peacli blossoms. The mece mil- 
lion otprusik acid almost entering into its compositioD, 
will be sufficient to induce my readers tn exercise coift- 
mon caution in haudliag it. A solvent solution ii 
prepared by adding two ounces of this salt to a pint trf 
rain, or of diBtilled water ; when the salt is well di»- 
solved, the liquid is ready for use. 

96. Silver Solution. — Silver may be presented to th« 
above solution in various forms ; as the oside, tbs 
chloride, the carbonate, the nitrate, &c. ; solution will 
in either case occur; and the double cyanide of sttfet 
and potassium will be produced. But since the silre^ 
as we hinted before, must become a cyanide of silnFi 
before it can thus unite with the cyanide of potaBsitin, 
it is obvious that one portion of the solution must gin 
tip its cyanogen to the silver, and take to itself Iha 
bodies previously in combination with that metal. So 
that, from the oxide of silver, potash would occur h 
the solution ; from chloride, chloride of potassa ; Irom 
carbonate, carbonate of potassa ; and from nitnt^ 
saltpetre. Of these, the least likely to interfere w)& 
this general action ia the potash ; and hence, oxids o( 
silver has been frequently used. It is thus pn^ 
pared : — 

97. Oxide of Silver. — Place pieces of silver ia t 
glass vessel, and pour on them about equal parts of 
water and strong nitric acid ; the metal will soon A» 
solve, giving off fumes of nitric oxide. Should the 
solution have a green hue, which is invariably tbfe 
case, unless the metal has been obtained fine fnm 
the refiners, it indicates the presence of copper; IB 
which case immerBe some pieces of copper in the sotO' 
tion, and the nitric acid, by elective affinity, will cow 

b/ae with the copper ; and a 'jiteci'prta.Vi; o? -pttve siliw^ 
ID the form of a greyish powdet, wiW V^e ^aia. T^nwft 
airay the liqaid, and wash the &U\ki px&c\v*^a»» "~*"^ 
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Hulphurio acid and water, and afterwardi 
IT alone. Then re-diasolve it, aa before, in oitric 
i and water ; and a aolation of pure nitrate of 
vill be oblained. Place thi^ \a an evaporating 
^ or a saucer, and apply the heat of a spirit-lamp, 
[blace ihe saucer by the fire-side, till some pottioo 
flie liquid is driven off in vapour. Allow the residue 
'•'■' cool, and it will shoot out into long colourless trans- 
I'Wnt crystals, which are nitrale of sUvet. They 
must be handled with care, as they poasesa the pro- 
perty of staining: animal and ve^table substances with 
in almost indelible black ; fused nitrate of lilver being 
'M lunar caustic of surgery, and the main ingredient 
■I marking ink. — Next prepare some lime-water, by 
'luring lime into water, and BItering the solution. 
M lime Js very sparingly soluble in water, requiring, 
Lit 60° Fahrenheit, 750 times its weight, it is necessary 
Id make an abundant supply. Place the lime-water 
|^> a glass or other vessel, and drop in it ttfeiv cryslalH 
''i nitrate of silver: the colourless solution will in- 
't:iDily assume an unsightly brown hue; and, after 
TLmnining quiescent for a time, the oxide of silver will 
;Jbside in the form of a dark brown precipitate. The 
ii'jaid is then poured off, and the precipitate is washed 
wiih water. Before throwing away the liquid, fre^ 
lime-water should be added to it ; and if the dark hue 
fecurs, the precipitate must be allowed to subside 
again: if no change takes place, it may be inferred 
that the silver is all extracted. The oxide of silver 
should not be dried ; but be kept in bottles with water. 
A quarler of aa ounce of oxide of silver, added to a 
pint of the solvent solution, forms a very useful plat- 
ing solution. 

98. Cyanide of Silver. — But as the above solutioD 
is impure, in that it contains as much potasli as is 
Equivalent to the oxide of silver added, it may °°t ^ 
"cable to accurate esperimeni.» •, aaia^'Ciwa'S?***^ 
tdaced, in the formation ot c^8.m4a«S «*««»» ^ 
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^Hlbe expense of a certain portion of the cjl^B^M 

^^polasBiuni, it is a wise plan, for it is no tnoi^^SSm 

to Torm the cyanide of silver in a separate vessel , , 

to wash away the impurities before adding it -i,^ , 

solvent. Take then a neutral solution of niLrgf^ i 

silver ; add carefully a solution of cyanide of pot^ 

Slum, when a white precipitate of cyanide oT m/^ 

will fall; continue adding until precipitatiou ceasfc 

The liquid, which is a solution of nitiate of potash ^ 

saltpetre, is to be poured off, and the precipitate ma 

washed. It will be pure cyanide of silver, if the mu 

. terials employed were pure ; and it is now fit to bo] 

^^^ded to the solvent liquid, to form a plating solatiou 

^^wee from impurities. I 

^V 99. Preparation of the Gold Solution. — Warm J 

^^rant of pure rain or distilled water, and dissolve in ill 

JP^^wo ounces of cyanide of potassium as before; tbeol 

add a quarter of an ounce of oxide of gold, lie 

solution will at first be yellowish, but will sood subtidt 

to colourless transparency. Those not versed in ch* 

mical manipulation will be wiser to purchase ibanM 

prepare osiae of gold ; but, for general information, I 

give the process: — Dissolve pure gold in two mean 

aures of muriatic with one of nitric acid ; evaporate tg 

dryness; dissolve the residuum in twelve times rU 

weight of water; add to tliis a solution of pure csi> 

bonate of potash, dissolved in twice its weight d 

water; apply a moderate heat, about 170", and « 

reddish yellow precipitate occurs. This is the hydraUi 

per-oside of gold. Wash it well; and, to render II 

anhydrous, boil it in water. It then assumes a brovSi 

ish-black colour, which is the oxide required. i 

100. I by no means give these as standard propow 

tions of the several ingredients required. They are ikl 

proportions which I employed with success in i^ldbf 

and plating the series of metals (submitted to t^ 

Electrical Society at their meeting, Sept. 21, 1841) 

hy tbe battery process to be hereafter de)cnbqg 
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ien tlie same object is effected by the employ- 
titeht of a single cell, it will be requisite to alter the 
degree of saluralion according to circuiiiiitances ; to 
which, however, I shall have further to allude in the 

101. Sitiffle cell for plating and gilding. — The 
necessity of economising solutions of such value as 
these, has led to certain modifications in tlie appa- 
ratus, contributing to that end. The porous cell, 
(I 170 which in other arrangements contains the zinc 
and acid, and is surronnded by the copper or other 
negative element, in the present process contains 
the cyanide solution, and the negi "' 
object to receive the deposite, and is siirroi 

102. This arrangement will be readily 
onilerstood by a glance at the annexed 
woodcut, which represents a porce- 
lain cell containing a cylinder of 
zinc ; and an inner porous tube GJIed 
with the solution of silver or gold. 
Connection is made between the zinc 
and medal or mould by a binding 
screw ; oi by mere contact, as in the 
figure. 

103. 1 must again dwell upon the 
philosophy of the action of this ar- 
rangement, and return to first prin- 
ciples, in order to impress them more firmly on the 
minds of those who lead these pages with the intent to 
repeal the experiments. For it is a matler of some 
importance, in employing the costly salts of the noble 
metals, to have the principles of the experiment traced 
out as distinctly as possible. 

104. In the arrangement just described, the nature 
of the deposite will depend upon the principles 
elsewhere (^ 78.) set forth ; and ^fortiori, from the 
facility with which the salts of silver or ^oU. as% 
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decomposed, tliere will be a mucli greater chance of 
leleasiog hydrogen, and spoiling the experiment, 
prevent which, therefore, ample provision must be 
made. For instance, if the silver solution is weai bi 

proportion to the energy of action between the una 
and acid water, the electricity developed will be more 
than BufHcient to release pure metal, and hydra- 
gen will be evolved, the result being a deposttioD of 
oxide. Or, if the balance between the strength of lh« 
solutions be duly adjusted, the relation betweea the 
size of the zinc and of the medal or mould may bo 
such as to determine the same result. It is therslbra 
fequisite that the water which excites the sine, should 
contain very little acid, — a few drops, more or less br 

f)roportion as the cyanide solution contains mors v 
ess of the oxide ; and that the strength of the latter 
should be maintained by a fresh supply of oside from 
time to time. 

106. Another and, in some cases, 
more convenient form for the single- 
ceil apparatus is given in the annexed 
-woodcut; in principle it differs no- 
thing frota the former ; the porous 
cell to contain the cyanide solution 
being flat, affords the means of im- 
inerBing a large medal, without an 
extravagant supply of liquid. The 
zinc which envelopes the porous cell 
is also flat. The connections are 
made as before. 

106, Plating 6y means of a single cell. — 1 
charged either of these arrangements with the 
acid water and the solution of silver, let it remain fiR 
a few minutes ; in order that the porous cell msyte 
moistened through, and that action may commence U 
tKmti 38 the circuit is comp\ele4. 'Y\vcti aXVasiv ». tftiijr, 

* 33iia priaeipia, u)aftBasUnAediU>t0^tVc»^^^*^>S£ 
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Ewire to medal or moulJ, and place lis otiiet end 
tact with the wire attached to the zinc : complete 
the circuit by immersing the metal in the silver solu- 
tion, and a deposition will instanfly take place. It will 
present a dead whitish appearance. 

107. Should the silver deposite present a whitish 
surface, streaked with perpendicular black lines, it 
may be regarded as an indication that the action ta 
attended with a development of hydrogen : this must 
be prevented by some of the means so often mentioned. 
(5 78, &c.) By careful attention at the commence- 
ment of the process the right degree of action is readily 
obtained ; and if the process is continued (with oc- 
casional watching) for about half an hour, the medal 
will be beautifuily coated with dead silver. In that 
condition it may remain, after being washed, and dried 
in blotting paper. Or, if a burnish Is desired, the 
leather and plate-brush must be used. 

Mr. Bain has patented an instrument, which he 

styles a " Voltaic Governor." The plates of the voltaic 

arrangement arc immersed to a depth sufiicient to 

produce the electricity required. They are suspended 

in the liquid as weights to a clock-work arrangement. 

Wliea the action diminishes, a keeper from an oleclro- 

I'lj^net, through which the current passes, is moved, 

■ il the plates sink until enough of electricity is gene- 

Lted to cause the electro-magnet again to attract the 

Weper.' — If, instead of plating medals, the object is to 

deposite silver in a mould, as mentioned elsewhere, the 

■anie preparations are to be made ; but the mould 

■liould be allowed to remain for some minutes (more or 

'I ;? according to the thickness required) subject to the 

lion of the current. It may then be removed, and 

■"U being washed with water, and afterwards with 

tiinentrgy of the action, is regarded in tiic t^'^VjTTa*'''^ ■* *-^'>* 
»!«; il ie a very Taluabts adjunct to ttie o\.\im mMa^'O*'*'*^*- 
"ilaSaing t/ieaameend ; and loaj ottea^ie aiQ^\,e4'wi.'Ct>.»a-'*™'™*P- 
PWb Mecb. Mig., 5lb Aug. 1843. 
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I 57.) to remain there till it is Bufficiently baoW;« 
li this metal. 
_ . . . . <!*<.-' 

Iteration of gilding is conducted much in t\,e ^ 
wanner as that of plating, — giUing, howefcir, 
quiring a little longer time, and occasionally 
solutions. 

109. The operations of gilding and plating Beem « 
first to have been very generally effected by meant si 
the BJngle cell, in a manner more or less in accDrdasw 
with the directions 1 have just given, ai the natuiQof 
the case permitted. In fact, plating by this proOfM 
bad been adopted on a scale of some magnitude in tin 
great manufacturing town of England ; the streogll 
of the Bohilion being maintained by fresh suppliesdf 
the oxide of eitliec gold or silver. ' And if atteatioa 
be paid to the instructions given, there is little fear of 
failing. 

110. Before describing a method which appears fv 
superioi' to this, 1 would direct attention to the souici 
whence the silver and gold, in the single cell process, Wt 
obtained, y\i. from the oxides, for instance. For evO] 
ounce of these metals deposited, a quantity of the <nidl 
must be furnished, which shall contain in it an ouncefl 
pure metal ; and hence for every ounce of metal, nw(J 
more than an ounce of oxide is consumed. The tiiili 
and trouble required to effect the combination betwed 
these metala and oxygen is by no means inconudoi 
able; and hence the expense of first producing tkl 
oxide of gold or silver and then releasing either ftW 
the after-combination with cyanogen, far exceeds- A 
actual cost of the metal employed : how far depnj 
upon circumstances. Tiie object, however, may t^ 
accomplished with far more certainty, and at consiil 
rably less expense by means of an additional cm 

(iS6.)and a plate or wile, &c. of ijold '' — *'' 
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up the strength or the solution, as in the 
of sulphate of copper. This method is now 
ed generally by the several patentees ; for eiperi- 
I with solutions of silver and gold in union with 
igen, have shown that cyanogen nascent at the 
ve plate in a decomposiHon cell will combine 
silver and also with gold. This furnishes a 
B of gilding and plating, by the use of a generating 
to furnish the electricity, and a decomposition 
to contain the cyanide solution; the nature of 
hanges produced has already (^ 94,), been de* 



1. Battery process for plating and gilding.— 
generating cell for acting upon solutions of silver 
not be large. A pint Daniell, or a series of 
iimilar to that in the woodcut, is sufficient br 




r medals than can be placed in the decomposition 
ttached. The latter is of porcelain or glass. Of 
le, the size Taries according to the extent of 
ixperiment. The zinc may be used unamalgam- 
and excited with salt and water ; the copper 
as usual, conUiai » wWuni^ of ^^« w^'^»^. 
-&1 
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(^ 57.) Gilding may be belter accomplished by using 
three cella of Danieil'a battery. 

112. Vollak Condenser. —Ptof. De la Rive has 
introducetl an instrument, which he has named the 
Voltaic Condenser* and which promises to he of some 
service in electro gilding and plating. Its property i» 
to give to one cell of a battery the intensity of two or 
three, behig the power required for these proceaseij 
and it does this at the expense of only one equivalent 
of zinc. It is well known to electriciaoH that at tli& 
moment contact is made with a battery, so aa to send 
a voltaic current along a wire in one direction, t 
sccondart/ current, which endures but for an instant, if 
induced in the wire in the reverse direction ; and wbew 
contact is broken, so that the original current ceascB,- 
tlie secondary current is induced to move in the direc-' 
tion contrary to its original motion; and therefore in 
the same direction as that jiursued by the primsrf 
current, when contact was first made. The inlensitj 
of this current greatly depends on the quantity, thtf 
character, and the form of the wire employed ; and if 
the wire is coated with silk and wound round a bobbin, 
the intensity is greatly increased ; — M. De la RiveUBCf 
100 convolutions of three stout copper wires, and 
places within the coil a bar of soft iron, the use of 
which will soon become evident. The object of th« 
arrangement is to convey the battery current, and with 
it the secondary current through the solution to be- 
de com posed. 

113. For example, we will select the gold solution 
to illuatrale the use of the comdenser. Metallic con- 
nections are applied between the ends of the coil and 
the two terminations of a Daniell's or Smee's battery. 
The connections are continued to a vessel containing 
the gold solution, the arrangement being somewhat lilw 

the Sgure aa, where the genetatin^ ceW » lo the right 
the coil in the centre, and \.\\e iecoTO^isv^vOTv «&* 
• Tide Areh d* V Ehct. No. 8. p. YU, ™i Elet. ilo^.^.U. 
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The current, on leaving tiie battery, has thus 

Bchoice of two paths, the one being through the 

\ the other through the solution ; but from the 

■t comparative resistance of liquida, compared with 

Vis, fiir the larger portion would pass through the 

L while a comparatively small share would traverse 

■olution of gold. In passing through the coii, how- 

\ it converts the soft iron core into a magnet ; this 

Diet instantly attracts a piece of iron, which is so 

pged that, on being raised, it removes a wire and 

k breaks off communication between the coil and 

Jgeneraling cell, except by means of the cell con- 

Eng the solution. The cuirent therefore now passes 

^gh tlie gold solutioD. But when the coil ceased 

i alone in the circuit, a secondary current was 

:e(l in the same direction as the original bat- 

Ecurrent ; this, therefore, joins with the said gene- 

■g current, and both pass together through the gold 

Jtion; by which means the actual power of the 

ery is very greatly exalted. Now, the iron core 

St of its magnetisRi, as soon as the liquid is in- 

a the circuit; and hence the piece of iron, the 

big of which broke contact, falls again, and the coil 

pin included, when the same phenomena recur : and 

I, by a continued succession of breaking and making 

lact, the current of a moment, namely, the second- 

mcwrent, is created, and employed with very great 

^ntages. My readers must he content with this 

^al description; and I must tiust to their own 

Jguity for making arrangements agreeable to tliese 

Btions. 

m4. Application of Heat. — ConsidLTable advantage 
all cases of the deposition of metaU where 
I desired, by the use of heat. It expands the 
r metal, and so far opens its pores, that the subse- 
tt contraction, conseiiuent on the effect of commoa 
aeratures, is likely to operale tavovififaX^ ™ Ni\"Ji5.vo.% 
hetaU logetlier. It lia,s aftet Misi».V'a»?,'i*» ^^^ 
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116. Preparing surfaces to unite with gold and 
Hlver. — But we are going on too fast ; I must return 
to certain things preliminary to plating and gilding, 
which I had passed over, in order not to interrupt the 
progressive illustrations of the nature and preparation 
of the solutions. I allude to the preparation of the 
lurfaces, previous to applying the metals ; which is a 
poiDt of such paramount importance that, unless duly 
regarded, all subsequent operations will be futile ; and 
it would be in vain to hope for perfect adhesion between 
Uus metallic base and the deposit ; the latter will rise up 
in blisters where the surface is not properly prepared, 
and can easily be rubbed off. 

117. — ^There are two methods of preparing metals 
for the reception of other metals, — the wet way, and 
the dry way. The experiments of M. Becquerel and 
others, are decidedly in favour of the latter ; but as it 
cannot be adopted, except in certain cases, where the 
work of the article is plain and the article itself is not 
delicate, it will be necessary to describe both modes. 
The main intent of cleansing is that the contact between 
the two metals may be perfect ; and it effects this by re- 
moving grease and all extraneous matter, especially the 
oxides, which are ever found on the surface of the less 
noble metals. 

118. Cleansing by the dry method, — ^The advantage 
of the dry process over any in which moisture has been 
employed, is that, in the latter case, several seconds, at 
least, must always pass between the act of removing 
the article from its last liquid bath, and placing it in 
the solution of the metal to be deposited ; and during 
this short interval, the article, or some portLn of it, 
very frequently undergoes an alteration, trivial indeed, 
but still an alteration, by the action of the air, which 
produces a film of oxide, infinitely thin, it is true, yet 
qaite enough to militate against the success of the ex- 
periment, as regards permanent adhesion. Theiefore, 
wherever the dry process can be adopted, it is deci- 



^■fldly t)ie better; althougb, from the very "^V^^^H 
l^^ticles subjected to the process, the number o^^Jj 
in which it is available is very limited. The dry 
cesB is merely the operation of scouring with s^rat/ 
glass, or emery paper, as the case may be, or witl, „ 
fine powder of pumice stone ; using clean brush «j^ U 
terly free from grease. Sometimes fine files may | 
used ; indeed all depends on the value and charac^ 
of the article operated upon. It must be remember^ 
%roughout that grease and oxide are the great enemiei 
b be expelled ; and therefore, especial care mutt h( 
bken to avoid contact with the moisture of the hand, 
Brbich is of a nature to produce either. 
J 119. Cleansing b>/ the wet method. — The solutions 
■npioyed may be divided generally into two classes 
Be acid, and the alkaline ; the action of the former \i 
pirected more towards the removal of oxides, &c. ; that 
f the latter to the removal of grease. Ae a rule, I 
fould always follow the use of aii acid bath by anal' 
_ Laline, havmg first washed away the acid in acverjl 
waters; and this may be done, whether the operaliiq 
commence with an ulkaline bath or not. The foIlDV< 
ing are some of the modes in use; they are all etTectual 
according to the circumstances which give preference 
^p one over the other: — ^The method recommeDded It] 
p. Boettiger in his dccountof gilding, given in the Jn 
Wen der Cliimie vnd der Pharmacie,* may be adoptoj^ 
Be says, " it \s very necessary to rub the metal accerA 
pg to circumstances, t with extremely fine sand, tnoi^ 
Kned with hydrochloric acid mixed with a little cfaalk 
■b that there shall remain no trace of oxide of copper., 
iuother effecCunl method is immersing the article Ji 
mixture technically termed " pickle," This may ii 
lade of 

" Vol. IXXT. p. 350. 

+ j. *. whtn it can be done witbont injary to tbe object of ei 
triment; and this, ton, mnet be tte guide in tbe ■ppUcBlioa t 
itf other model. ,-^^^^ 
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Sulpburic acid 61 parts. ' 



^^^^ Nitric aoid , 32 

I Murislic 1 ,, 

■ Ine " pickle" Is used by tying a wire ronnd the article 

I and immersing it for a second or two; the action is very 

energetic, and, of course, is not suited to the prepara- 

'ion of medals :^-ror medals, tlie mixture should be very 

"iticl) diluted, and they should remain in it for a time. 

1A mere bath of dilute nitric acid is often used. Nitric 
acid, mixed with sea-salt and soot, is often rubbed on the 
Article. Concentrated sulphuric acid and sea-salt is 
Another mode. — Of the alkaline solutions are caustic 
•^da, or solution of soda and ammonia, or caustic soda 
''nd sal ammoniac; or the articles may be boiled iu a 
■-i'lution of common soda or potash, which is a very 
i'Ood method of cleansing them. 

120. Whatever solution is used, whether acid or al- 
'ialine, or the detergent paste of soot, or chalk and 
■^cid, fresh water must not be spared for rinsing off all 
''Villaining traces; and the article must be dried for im- 
■nediate use by pouring over it boiling distilled, or rain 
*aier; or, if the process of deposition is not to be coni- 
^'lenced immediately after the rinsing, it may be buried 
"1 hot or cold box-wood sawdust, until required; it may 
'^rien be dried for immediate use in hot sawdust. In 
Addition to the detergent methods already given, an 
3>icillnry means, which has been found effectual, de- 
pends upon the fact, that metallic and other surfaces, 
^fter exposure to the air for some hours, become coated 
^ith a film of air so intimately as to retain it, even (as 
'n electrotype cases) between themselves and any metal 
L Meposlted upon them. In fact, we have been advised, 
1 **» copying large subjects by electrotype, to take advan- 
1 tage of this, and to allow the film to arrange itself, be- 
' 'ore the plate is submitted to the action of the battery, 
t^or it is found that the presence o? v\v\« T\'i>.Va\^'Siw\. 
^'cr/malenaWy operates in prcve^1V^ng^d'hea\o^^.V*^■"*'''"" 
^he plates and the deposite: whereaa,\a >i^e vi-""" 
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I, unless its place has been supplied by 
else, olher things being in order, the two nilt efTet 
become one. We are advised, too, after soldering a 
to a copper plate, to allow tbe latter to remaiD an eDtic* 
day, to regain the film of air wliicli had been driven iff 
bv the lieal. Carrying out this principle, the boiling 
alkaline solution and the boiling water answer a double 
end; and hence are very effectual means of promoting 
perfect union between the metals. Heat ojKrates Still 
more favourably in causing the expansion of the metll, 
as I mentioned when recommending its adoption in tlu 
process itself of electric depofiition. Iron may be pre- 
pared and cleaned by electrolytic action, as descnbed 
elaewliere. (§ 166.) 

121. Amalgamation lo promote adhesion. — Anolbet 
method inihis preparatory stage of the proceeding*, to 
which I shall allude, is that recently recommended by 
M. Becqu^rel;* and which promises lo be of great 
avail in ensuring a successful termination to the ex- 
periment. After the articles are thoroughly cleaned, 
according to tbe instructions now laid down, they utt 
dipped into a solution of proto-nitrate of mercury; 
when taken out they are washed in abundance la 
vater; and are then rubbed with leather, in orderlo 
promote the equal spread of the mercury. TbcMt 
operations are repeated until the wfiole surface is «eU 
coated with mercury. The ultimate character oT tbfe 
metallic deposite depends on the surface given lo ibe 
mercury ; if the employment of the iealher is only 1111& 
as is needed to etfe''t the more equal ditFusion of tte 
mercury, the surface is dull or dead, and so is tlie ((»• 
posite; whereas, if brisk friction is applied, and tfct 
mercury receives a good polish, such will be the clit> 
racter of the metal thrown down. And thus may biff- 
nished g-old or dend gold be produced at pleasure, B| 
adopting this method of gvvivvg a, nve.'tcMVwXaOTS.wi th 

• »Trfs Les Comptea ReniM, 1«4 ^i'^4*a- 
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foundation for the plating or gilding (and it is espe- 
cially valuable for the latter), a double advantage ac- 
crues ; the close adherence between the metals is en- 
sured, — and a coating of gold of any thickness may 
be thrown down. The mercury is subsequently driven 
off by heat, either heat applied for the purpose, or the 
beat employed in some of the operations by which the 
work is finished. The last cleansing method I have 
seen, and it is a capital one, is to scour the surface 
with Calais sand, moistened by the silver or gold 
solution, and rubbed in with a scratch brush. 

122. Grerman silver is prepared by allowing it to 
remain for three or four hours in a cold solution of 
carbonate of potash. It is then washed in cold water, 
and dipped into dilute nitric acid. After again wash- 
ing and drying it, it is rubbed with leather ; and im- 
mediately before placing it in the silver solution, it is 
dipped into a solution of common salt, containing a lit- 
tle gum. I 

123. Cleaning Electro-plate. — Electro-plating, es- 
pecially of dead silver, is very liable to turn yellow, 
after a few days' exposure to the light. M. Mourey 
found* that this was due to the decomposition of a 
cyanuret or a sub-cyanuret remaining on the silver 
surface on its emersion from the solution. He removes 
it in the following manner : — The articles are covered 
with a thick layer of dissolved borax, and, being placed 
b a mufiBe, are submitted to a heat somewhat below 
cherry-red, which is sufficient to calcine the borax. 
They are then thrown into water acidulated with sul- 
phuric acid, and allowed to remain. After being 
withdrawn from this, they are washed in water and 
dried first in hot saw-dust, and then on a stove or 
otherwise. The result is the production of that white 
colour so essentially requisite to dead silver, especially 
in articles of jewellry, I ma.^ add \jc>\.\i\& ^\|\^iRftaa»C^^. 
cleaning tarnished silver in geiiw^^'^Vv^,^'^"^'^ '^'^ 

• Vide "Comptetllendum;* k^'W^A'^'^-V^'^- 
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^TBUch known here, i« practised conslantly by ihe natives 
"n India. A Tew tamarinds ore placed in water contaioe*^ 
n an eiirlhen vessel, and llie silver articles are boiled 
n it for a time, and ibey emerge clean and very white. 
1-24. Gitdinij-wnx. — Tlie proper colour is given M 
tlie surface of eleclro-gilding by covering it wjtb 
gilding-wax, and lieaticig it till the mass begins W 
smoke. Gilding wax consists of tbe powders of salt- 
petre, sal-ammoniac, sulpliate of iron and verdigris 
mixed with melted wax. Tliis operation removea the 
brassy appearance, which the surface often presents, and 
gives the rich gold colour, on which the beauty of the 
work depends. 

125. Various metallic solutions. — M. Louyet has 
used with great success a solution of bi-sulphuret 
of gold in cyanuret of potassium. This solution it 
neutral to silver, copper and brass, so that no action 
occurs on the surface of these metals until the circuit 
is completed. The bi-sulphuret of gold is prepared by 
passing sulphuretted hydrogen tiirough a solution of 
bi-chloride of gold ; or by pouring into stieh solution 
hydro- sulphate of ammonia. The bi-su!phiiret is col- 
lected in a filter, where it must be well washed witU 
warm not 6oi?tH,'/ water : it is then dissolved by pour- 
ing the cyanuret solution {% 95.) through the filter. 
The solution has a clear gold colour ; It is diluted for 
use to a pale straw colour. 

126. M. Becqiierel has introduced a very philoso- 
phical mode of gilding by the single cell process. A 
solution was made of 1 gramme of dry chloride of 
gold, 10 of ferto-cyanuret of potassium* and 100 
of water ; it was filtered, and to it were added IW 
grammes of a saturated solution of yellow ferro-cj- 
anuret of potassium : — The solution was used in that 
state, or diluted with once or twice its bulk of water 

mrdiDg to the characlet o( soiIa.ce ie^wEd, Thii 

tatJon is placed in the potous vube o^ ^>- wn^t «^ 

^ Tbe pruasiate ol potaali at tomniMM. 
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(§ 18.) and into the cell surrounding the zinc is poured 
a solution of a similar character with the exception that 
it does not contain any gold ; but, in lieu thereof, it 
contains a little common salt. Unmalgamated zinc 
is used. 

127. There is not space to give detailed accounts of 
the many other solutions that have been used ; let it 
suffice to mention in brief a few : — 

M. de Ruolz has employed, 

1. Cyanuret of gold, dissolved in simple cyanuret of 
potassium ; 

2. Cyanuret of gold, dissolved in the yellow ferro- 
cyanuret ; 

3. Cyanuret of gold, dissolved in the red ferro-cya- 
Duret of potassium. 

4. Chloride of gold dissolved in the same cyanurets ; 

5. Double chloride of gold and potassium dissolved 
n the cyanuret of potassium ; 

6. Double chloride of gold and sodium dissolved in 
soda;* 

7. Salphuret of gold dissolved in neutral sulphur et 
of potassium. 

The latter is singularly valuable. 

He uses cyanuret of silver in yellow ferro-cyanuret 
of potash. Where 6 cells in series are required for gild- 
ing, 4 are sufficient for plating. 

128. He effiscts platinating with the double chloride 
of platinum and potassium in caustic potash, with the 
same ease and facility as plating and gilding; but when 
he used cyanuret solutions of platinum, like those of 
gold or silver, it required one or two hundred times the 
duration of the experiment to produce a corresponding 
result. 

Lead is precipitated from oxide of lead dissolved in 
potash. 

Tin 18 deposited on iron aiid %\Miy &e%^^twcw^%^Vac- 
thn of oxide of tin in potash, ox XXxi m ^x^^xsi ^VxaaNas.*, 

• The analogooB salt of poU%\k ^cme \ift\. ww5«w^* 



Aicli latter is the solution employed for tinninfr ping, 
die proeeas being In trutli an electrical one; for the 

Eiins and the tin are thrown into the liquid, where the 
alter receive a coating. 

Zinc is deposited, especially on iron; the solution ii 
not named.* Elkington's solution for zincing is giTea 
in the sequel. (§ 138.) 

129. M. Boettiger uses for gilding one part of t^to- 
ride of gold, as neutral as possible, and 100 parts water, 
in which he allows the action to be repeated about half- 
a-dozen times, of u minute's duration each, and waahes 
the article between each operation with line linen ia 
pure water. For platinating he has a corresponding 
solution of platiuum. He has also employed one part 
of chloride of platinum, 100 parts water, and 8 parti 
hydrochlorate of soda; or one part ammoniacal chlo- 
ride of platinum, dissolved, with S parts of sal-ammo- 
niac, in 32 or 40 parts of water. Tbe latter solutions 
are used without the voltaic current to give a thin coat* 
ing : which may doubtless be increased by the voltoie 
action. 

130. Mr. Woolrich uses the following solutions;— 
He first prepares what he terms the solvent, or sul- 
phite of potash, thus: — 28 lbs. of the best pearl-asb, 
and 30 lbs. of water are boiled in an iron vessel: (be 
solution is allowed to cool, and is then filtered. To 
this are added 14 lbs. of distilled water; sulpburous 
acid gast is then passed into the liquor until it becomes 
saturated j and the liquor is filtered for use, 

Silvering-ligitor. — 12 oz. of crystallised nitrate of 
silver are dissolved in 3 lbs. of distilled water. The 
solvent just described is gradually added, so long as a 
whitish precipitate falls. The supernatant liquor it 

• Vide L«a Archives, Jnne T. 1842. 

f 71118 539 ma; be obtaiiied by applying heat to a flask notu 
tainiag solpharic acid and pieces o! weti.-^ikTncA c'aaTcaid. Tbt 
gaa abaaJd be pa$eed Ihrooghwateir tohee'AlioiQKn'jMiviX^™^ 
itre carried ovw. 



■red off, and the precipitate waahed with distilled 
To tlie waslied precipitate is added as much of 
vent as will dissolve it ; and then 4th part more, 
Lhat the solvent may be in excess. After being well 
f^, and allowed to remain for 24 hours, the liquor is 
py Tor uBe. 

yilding-liquor. — Four oz. troy of fine gold are 
ulved in a mixture of 11 fluid oz. nitric acid, 13 
|ria(ic acid, and 12 distilled water : the solution is 
lorated and crystallized ; and the crystals are dig- 
,ed in I lb. of distilled water; the gold is then 
tipitaled by pure magnesia, the precipitate is first 
' with distilled water acidulated witli nitric acid, 
a with water alone. To the washed precipitate 
^Jded enough solvent to dissolve it, and ^tli more. 
' r being stirred and remaining 24 hours, it is fit for 

^oppering-liijvor. — 7 lbs. of sulphate of copper are 

ftolved in 30 lbs. of distilled water, and to this is 

Bed solution of carbonate of potassa until precipita- 

^ ceases. The precipitate is washed, and dissolved 

Die solvent as before, one-third more being added. 

f must stand for twenty-four hours as the others. 

Mr. Tuck has prepared the following liquid. 

lives 70 parts by weight of bi-carbonate of am- 

1 distilled water, to which he adds by weight 

of sulphate of silver, or 134 parts of cyanide 

, and boils the liquor until the silver salt is 

Irely dissolved. The strongest solution that he has 

Jployed was in the proportion of half an ounce of 

Ehate of silver and 107 gra, of bi-carbonate of am- 

pia to a pint of distilled water. 

l32, Mr, Briant, of St. Petersburgh, gives the fol- 

fng preparation of gold solution, as superior to any 

He makes a solution of 6i solotnik (428 grs.) 

in aqua regia (nit ro- muriatic acid), by aid of a 

Jd-bath : he boils it down to one-fourth, when cry- 

Blization occursi be evaporates, but not to dryness. 



■IP raserttOTTK ^*iit*«t.Ai«Mr. ' ^^^^ 

Bphc crystals are then dissolved in hot water, and half 

Hk: pound* of powdered magnesia dissolved in water u 

Haded. IL is filtered warm : if tlie liquor is darV, the 

Htugneaia is not all dissolved, wlien it must be boiled 

Pi%ain. It is now washed in the filler, and the kydratei 

oxide or gold lemaining in the dlter is placed in a flaikt 

and on It is gradually poured half a Russian pound of 

nitric acid; after the effervescence ceases, it is agaia 

filtered and well washed ; and the chocolate- col oared 

residuum is boiled in a hot prepared solution of I Jb. 

22 sololnik <7766 grs.) of prussiate of potash ; when tl 

boila, 10 solotnik (6-53 grs.) of caustic potash, previr 

ously dissolved in cold water, are added, and well 

mixed. When cool, the solution is filtered for use : the 

sediment now remaining in the filter is oxide of iron. 

133. Major Von Jewreinoff gives the following siiwT 
solution : — 4 parts of dry powdered prussiate of potufc 
are well incorporated in a mortar with li parts of pure 
potash, and are melted in a closed vessel till thepr<^ 
duct becomes transparent and dazzling white. Chlo* 
ride of silver, prepared by tlirowing salt into a solution 
of nitrate of silver, is dissolved in this solution and fit* 
tered for use. 

134. A writer in the Mechanics' Magazine, Mr. 
Rockline, has used the following solution : — Oxide of 
silver is dissolved in citric acid ; the solution is evapo- 
rated to dryness, and the residual salt is exposed in a 
tube to 212° Fahr., when a current of dry hydrogen iff 
passed over it for a few minutes. The salt is then di»* 
solved for use in cold water. He says this solution-' 
mnst not be heated. 

1 35. Other applications of Electro- Gilding. — On the ' 
continent, and here also, this art has been rendered 
available in gilding the springs and works of chronO' 
meters ; and one experimentalist, M. Perrot, has " un- 
dertaken to gild at the same time nil the movements of 

a watch,— lo gild them, nol onV^ m v\iftu -^XacKa, 'a*'. 
• .4 Jiu«BiMpouiiil,o[06siAotmli», i»«<i^^^°^'i^*'^ 
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rhile in motion."* M. Boetliger, to whom I have 
Iready (§ 129.) alluded, has employed for gilding, the 
i-chloride of gold, and has prepared copper surfaces, 
\y first depositing upon them platinum. M. Hamman, 
n engraver of Geneva, has deposited a coat of gold 
QStead of one of varnish on plates intended for ordi- 
lary etching, and has traced the design most accurately, 
hrough this exceedingly delicate layer. 

136. Electro-gilding has been successfully applied 
n protecting and permanently fixing Daguerreotype 
)ictures. It is well known that thin films of gold are 
ransparent. A thin film is therefore deposited upon 
;he surface of the finished plate, and effectually secures 
;he picture from destruction ; while it does not in the 
east hide it from the eye, or detract from its beauty. 

137. Daguerriotype Plates, — ^The art of electro- 
plating may be made available in preparing Daguerre- 
Dtype plates. The lovers of this attractive art may 
DOW experiment upon plates of their own preparation. 
They may be prepared in two ways : either by plating a 
burnished and prepared copper plate ; or by deposit- 
m% silver, with due precautions, on a burnished plate, 
and afterwards backing up with copper. The latter is 
the most effectual, especially to those who are not 
skilled in the plans adopted by the artizan for the 
treatment of burnished surfaces. 

138. ElectO' zincing , — Messrs. Elkington have pa- 
tented a process for applying zinc to iron, in order to 
protect it from the atmosphere. They say that the 
best and cheapest solution is the sulphate of zinc, of 
which they dissolve a pound in a gallon of water ; and 
electrolyze it with a battery of feeble power. 

139. Reduction of alloys. — This has been long 
deemed impracticable ; but recent experiments have 
proved that it is possible. M. de Ruolz was the first 
to deposit a galvanic film of bronze on otUec ixvet^U^ 

* Vide Arch, de P Electricity, ll^o. \, ^^11^* 
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y dissolving cyanide of copper and oxide of tin, ia 
tertain proportions, in cyanide of potassium, and allow- 
ing a constant battery to :ict upun the solution. Pro- 
fessor Majocclii reporls tile deposition of an alloy cf 
lead and iron, wliich lie says is much harder than leaJ, 
and melts at a niui'Ii higher heat. Protosulphate of 
iron is added to u solution of lead in nitric acid, in aucb 
quantity that the resulting solution shall not be vetj 
concentrated. Professor Jacob! obtained lilms of bnti 
by preparing solution of cyanide of potassium, and 
throwing in copper, from a positive plate of copper, 
and tlien zinc from a positive plale of zinc ; after a cet- 
lain lime brass was given off. 

140, Electrolysis offusr^d compounds. — Mr. Arthur 
Wall lias a patent for purifying iron-ore from sulphur, 
phosphorus, and other such elements, by applying ft 
powerful voltaic current to the metal while in a stata 
of fusion, either when it is in the smelting furnace, at 
while it ia in the moulds ; and he prefers continuing 
the current until the metal is solidified. In refereitoa. 
to these experiments. Dr. Ure is understood to haV8 
stated that a current was passed through a rod of aoft 
iron, at a moderate heet, and, in a few hours it was 
converted into steel. 

141. Mr. Napier has patented a process for reducing; 
copper from its ore by the aid of an electric current. 
Native Bulpliuret of copper, for instance, is roasted in 
the usual way, and is then melted wilh lime and soda 
as fluxes ; tlie pot is now so connected with a battery 
as to be the negative pole, or place for receiving depo- 
sils; and a plate of iron connected with the positiTS 
pole is thrust beneath the surface of the 6uid masaj n 
solid mass of copper is soon found deposited on the 
inner surface of the pot, the quantity of which is stftted 
to be more than a dozen times that of the chemicd 
etjiilvalent of the electric action. 

I4'2. Mr. Parker lias a palenVtw ^^^Ivw^Mi.i'eSJr 
lug by means of fused iodides, Q\i\Qni«, Wk.-^" 
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Rites of tlie metals. As an example, he takes 6 lbs. 
chloride of silver, fused in n silver or an enamelled 
iron vessel ; when fluid, he immerses in it the article to 
be plated, which is in connection with the negative 
end of the battery, and a plate of stiver connected 
with the positive end: to increase tlie ([uanlily of 
fluid, he sometimes adds to it from 3 to 10 lbs. of 
iodide of potassium, or even the iodide of mercury or 
copper, in the proportion of 1 or 2 lbs. 

For a gold fluid he takes 20 oz. of iodide of gold 
and 80 oz. of iodide of potitssium or sodium, which he 
subjects to similar treatmeot, usiog, of course, a gold 
instead of a silver plate. 

143, Mr. Ritchie has a patent for extracting copper 
from its ore by a very simple voltaic nrrangement. He 
dissolves the calcined copper ore in dilute sulphuric acid, 
and places the solutioa in a large rectangular vessel ; | 
on the upper surface of this, he pours a mixture of two 
parts water and one saturated solution of sulphate of 
iron, taking care that mixture does not take place with 
the lower liquid ; he then places an iron plate as a g«- 
neratjng metal in the iron solution, and n plate of lead 

in the copper solution to receive the deposit, connecting 
the lead and iron with a wire. It is stated that, by this 
process, galvano-plastic objects may be easily obtained 
on a large scale. 

144. Magneto-eleclro-plalinij. — Mr, Woolrich em- 
ploys the electricity obtained from a magneto-electric 
machine. When coils of wire are moved in front of 
magnets, currents of electricity are generated ; by pro- 

Eer adjustments he has so arranged this apparatus that 
e can deposit three or four hundred ounces of silver 
per week; by moving the coils at a greater or a less 
velocity, he can modify the current; or more simply, by 
altering their distance from the magnet. These machines 
are expensive at the first outset ; but, as there is little 
near and tear, and no consumpUow o^ w\Sk\a\\Aft,'tt,\i&. 
ss the power of the magnet va tioX. teiMie.i.Ni'i ■>Mft»*«-'S 
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I many cases, very desirable, especially w^W* 
team-power is at hand to impart motion. Itnaaiil 
tliat Elkington now adopts this, id place of Uie battery 
process. 
H. — Depositio\ of the Oxides op Metals OW 
Metals. 

145. Metatlo-chromes.^yi'ithetta we have been con' 
sidering the deposition o( metal on metal; it remains to 
give a Tamiliar description of the mode of depositing 
metal in wiion with oxygen, i. e. a metallic oxi4t CA 
metals. Tbe most beautiful experiments of tbis kind 
are those described by Nobili," and recently repeated 
and considerably modified by Mr. Gassiot.t The pto- 
ductions are known by the name of metallo-chro'M- 
A saturated solution of acetate of lead is prepared) lad 
poured into a shallow vcs&el, in whicii has b«ea placed 
a highly- polished steel-plate. A wire from tlie/wntiM 
end of a series of three or four Daniells, is madetO 
touch the plate. Then, if another wire from the nejro- 
iive end of the series is held in the solution, over llie 
plate, a small tinted circle makes its appearance on llw 
polished surface beneath the wire, and rings of colsnr 
of tbe most brilliant hues rise from the centre and ex- 
pand to the circumference. The colours commence 
with silver-blond, and progress onwards to fawn-colour, 
and thence through various shades of violet to the in- 
digos and blues; then through pale blue to yellow Had 
orange; thence through lake and bluish lake, to green 
and greenish orange, and rose orange; thence through 
greenish violet and green, to reddish yellow and rose lake, 
which is the highest colour on the chromatic scale. 

146. Coloured figures of varied character are ob- 
tained by modifying the shape of the electrode c«- 
liccled with the negative end of the battery ; usin^, in- 

^^t^d of a point, a slip of metal, a disc, a ring, a con- 
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vex or a concave circle, a cross, or other pattern. By 
the employment of a large disc, and small steel plates, 
and by very careful manipulation, a uniform tint may 
be given to each plate, and the chromatic scale of forty- 
four colours may be obtained. For this purpose each 
experiment must be timed by a pendulum, and one se- 
cond being given to the first plate, the duration for the 
rest must increase by a second for each. It is abso- 
lutely essential in operations of such extreme delicacy 
that all the plates be of the same thickness, so that, 
when adjusted to their position, they may remain at the 
same distance from the disc. Many more than forty- 
four specimens will be produced, which must be placed 
in order, and the similar tints rejected. The spoiled 
plates are cleaned with fine emery paper. — ^The best 
uetallo-chromes are obtained by cutting a star or other 

Cttem in card, and placing the pattern on the plate, 
Death a convex or a concave disc. 

The colours arise from the very thin films of oxide 
of lead^ which are deposited on the steel plates : and 
are due to an analysis of light, similar to what occurs 
m a soap* bubble,* or ip the film of air between a lens 
and a plate of glass, closely pressed together. No 
practical use had been made of these films. 

147. Deposition of Oxide of Lead, — M. Becquerel 
has described t a means of coating metals with oxide 
of lead and oxide of iron, for the purpose of protecting 
them from the action of the air. He uses a potash 
iolution of lead, which is prepared by dissolving 200 
grammes t of caustic potash in two litres § of distilled 

* The best mode of making a soap-bubble is to place a piece of 
soap, about as large as a pea, in a six-ounce vial, one-third filled 
with water ; the vial is to be then placed in a vessel of water, and 
the water to be boiled. When the vial gives off steam pretty freely, 
ft is to be corked, and then removed and sealed immediately. A 
horisontal film of soap may at any time be made by shaking the 

f Vide "Comptea Renda8,'» 3td 3u\]|,\^\^. 
t A grMmme=sl5i gr. troy. % KVLt.t^=.^\ c^^^s^ 
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walcr, antl adJs to it 120 grammes of protoxide of lead, 
' — the litharge of commerce, — It is boiled for half an 
hour, and, al\er being allowed lo Bettle, is diluted A>r 
use with its volume of waler. Some of the solution a 
poured into a porous lube, wliicli is placed in a »e 
containing water acidulated with one - Iwentielb iti 
weight of nitric acid. The nitric acid contains a plati- 
num plate, connected with the negative or zinc end of 
a single cell of Danieli's battery ; and ihe article to be 
coaled with oxide of lead, as for instance, r platAOf 
iron is placed in the solution of lead, and connected 
will) the copper of the battery. In a few minutes tJiQ 
plale is covered with a coating of peroxide of lead, 
which arises from the union of the oxygen with the 
protoxide of the solution. The adherence is verr 
strong, and if the article has been well prepared 
(§ 116, &c.), will Buslain the action of the burnisher. 
The colour of the deposite is black with a brownish 
tinge; if the action is allowed lo continue, it assumei 
the lint of yellow ochre. The liberation of hydrogen 
-on the platinum plate is a sign that things are going 
on well. The soluiion must noi be used to exhaustioD, 
■but be replaced by fresh, ai'ter perhaps a dozen hours 
of action. 
^^148, Deposition of oxide of iron. — An ammoniae^d 
^^Ktution of iron is used for obtaining a deposite of the 
^Moxide, A hot solution of proiosulphale of iron U 
"prepared, and placed in the receiver of an air-pump, 
to abstract from it all air: a solution of ammonia is 
likewise deprived of air, and a little more than Is sut 
licient to dissolve the protoxide of iron is poured into 
ihe former solution. This solution is used in the same 
manner as that of lead, described in the preceding 
paragraph, namely in a diaphragm decomposition cdl; 
but care must be taken to keep it covered from the air, 
which has so great a power, on account of the oxygen 
It contains, of converting tlie ptot«\\4e Ww ^ ^tms^ifc. 
A few minutes suffice for l\ie ove^^auoi^- '^'>^* &k\«i«« 
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meroxide is of a brownisii red colour, having some- 
bt the appearance of precipilal«l copper ; if tlie ac- 
i conlinues, the colour becomes darker, and (inally 
B deep violet. The oxide will endure the burnisher. 
ithe action is carried on at an elevated temperature, 

■ adhesion is greater, because the contraction of the 
inded metal binds the lilin more closely. The use 

i diaphragm in these operations is to prevent the 
^tion from becoming exhausted : forif the experiment 
; carried ou under ordinary circumstances, the de- 
■" n of metal at the one electrode, and oxide of 
at the other, would very soon deprive the solu- 
^ of its contents. 

ITI, Electro-Etchinc. 
■49. The results hitherto treated on, have been (with 

■ exception of the deposition of the oxides,) all ob- 
■ed at the negative metal; but there is a clai<s of 
bits of no inconsiderable importance to be obtained 

^he other terminal. 

a plates of copper, in the decomposition cell, in 
btiection with the copper of the battery, have been 
pcribed as combining gradually with the oxygen 
Hased there, and being eventually consumed ; so 
pwise the plates of silver or gold, which occupy the 
■e relative position, are in a similar manner con- 
ned. But as the varnish, (^ 31.) placed on moulds, 
Ictually shields the parts protected by it, from the 
Kts of electrolytic action, so also may the copper 
les be protected, and the destructive action localised 
fcleasure. 

B£0. If, for instance, tlie plates of copper be covered 

■any part of their surface with a stratum of varnish, 

(L part will be excluded from the line of action, while 

else is being consumed. Advantage has been taken 

Kthis, by coating plates with proper composition and 

1 (racing through it any iJes\g(i,o^ w\\wi\ wci t\^«ijt 

'. The plale in v\ua cQn&^\'a'* ^* '*'***^*'*^ 



to the action of the nascent oxygen, and the sniij 
readily and effectually etched. There ia some snpl 
ritv loo possessed by this method, over the ordinary 
etching by the use of nitric acid; for the operatioii 
can be conducted with considerable regularity ; it can 
be tendered a slow or a speedy process; and ihe result 
can be taken out, from time to time, to be examined, 
and can be re-submitted in » moment. In Tact, of 
so much importance has this mode of etching been 
deemed, that it is already one amongst the many 
applications of this principle for which a patent hu 
been obtained. 

151. Process of eleclro-etching. — Take a burnished 
copper plate, and solder to it a stout wire : heat the 
plate, and rub lis surface with etching ground,* 
wrapped in silk ; be careful to obtain an even coating; 

Bn smoke the covered surface over the flame of a 
idle. Varnish the back of the plate, as well aa the 
e, with shell-lac. Trace the design through die 
hing ground with a fine point. This done, place it 
III a decomposition cell, and connect it with the coppei 
of a Dnniell's or other cell, placing opposite to it a 
plate of somewhat similar size ; after the lapse of ten 
miouies remove it, and " stop out" the fine parts widi 
Brunswick black ; return it to the decomposition cell 
for a second ten minutes ; and again stop out the half 
tints; again submit it to action for ten minutes, and 
the operation is complete. Remove the etching ground 
by means of heat, and a perfect engraving will be found 
on the plate. The exact duration of the several opers- 
tions, as well their number, must be regulated according 
to circumstances. Electro-etching is an interesting ex- 
periment for the lecture table. At the commencement 
of a lecture, I have submitted a plate to electric action^ 
and before the hour has expired, have distributedtfMl 

IP"""-- ^m 

Elchliig ground consists of aapUaUe. ■Bax.Wacl^^^M 
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mS2. An etching g^round of g;old may be applied by 
■Knitting a copper plate well varnishecl on the back, 
Ithe action of an electric current passing through s 
JBtion of the cyanide of gold. When a perfect coat- 
■~ is obtained, the plate h removed ; and the design 
tched through the goldjilm. The plate is then sub- 
ted to the action of the battery, as before ; and as 
) oxygen, released there, combioea with the copper, 
% not with the gold, the design is permanently eiched. 
•he process of etching is very speedily effected ; and 
bt, therefore, be very carefully attended to, lest, by 
Iceedhig too far, the plate be spoiled. 
Bfi3. Electro-etching Daguerriotype plates. — In the 
fciiption last given, the artist's hand must first trace 
I design, before the electric force will engrave for 
E ; but Mr. Grove has described a process,* by which 
Ipencil of nature does all the work. He has taken 
Vuerreotype plates, — those beautiful productions 
nrawn by light," and, having submilted them to the 
Bfurther operation of Nature's laws, has succeeded 
J* engraving by electricity." 

mS4, Though this process has not been perfected, so 
Bss to prodace plates fitted in all respects for the 
■ter, yet, as it is one most important application of 
y subject on which we treat; and, as it furnishes, 
ngh cot for the printer, yet for the eleclrotypist, 
itee from which he can obtain perfect impressions, 
f these to any extent, it claims especial notice iu this 

■€£- Nature of Daguerriofype Pictures. — The dark 

^ions of these pictures are considered to be silver, 

I the light portions mercury ; and hence, if they are 

d in a solution, whose liberated element shall act 

\e of these metals, and not on the other ; or if ihey 

I submitted to a solution, the liberated element of 

Ich combines more with one than the other, the 

}flt will be an etching. 

* Vide Proceed. Elec. Soc., vol. v. ?. ^. ka^.M i^*"^- 
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y 166. Hydrochloric acid, diluted with hair its bnllt of 
TTBter, has been employed. From hydrochloric acid 
hydrogen is released at the negative plate ; and the great 
object is to dispose of it regularly, and as speedily a 
may be ; for, if any hydrogen adheres to the Borlace 
of this plate, the surface of the plate to be etched, 
where it is opposed to this, will furnish an irregular 
result. The best plates for parting with the nascent 
hydrogen, are platinized silver, or platinized platinum. 
The distance between the two plates, (which are, of 
course, placed parallel,) sliould be about the HMt of an 
inch, which is near enough to ensure uniformity of ac- 
tion, and not so near as to allow the escaping hydrogen 
to interfere with the result. 

157, In a process so delicate as that of etching out 
the microscopic delineations on these plates, due regard 
must be paid to the relation between the size of the 
generating pairs and the size of the plates themselvea. 
The best mode is to have the generating pair and the 
decomposing pair of one size, or nearly so ; and, as the 
solution employed will give up its elements with a 
feeble current, one generating cell is enough. Prof. 
Grove used a single pair of the nitric acid battery i but 
any other will produce the desired result. The timed 
action depends on the nature of the generating cell 
employed. With the nitric acid battery, (the enei^T 
of the action of which is great,) the elTect was produced 
in from 25 to 30 seconds. With other arrangements 
it will be longer; and, possibly, as it is accomplished 
more slowly, the result will be more definite ; and the 
experiment will be less liable to fail, 

158. Having determined these several points, and 
shown the reasons on which they are based, (and I 
always wish to furnish reasons for all that is done; 
for when a man acts by mere directions, and arrives 
at ends he knows not vihy, I atn well assured that fau 

interest in the subject w'lU f,oon ba i\&^\^\Ri, ■aai.\A 
path, instead of being pleasing ani Vvj^x., -wSi. ^» 
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, and gloomy ;) the next arrangement is to prepare a 
den frame witti grooves into wliich the two plates, 
the Daguerreotype * and the platinized plate can 
so as to remain firmly fixed in the required 
on. This frame is then immersed in the solu- 
and contact is made with the generating 
by touching-, with the ends of the connecting 
s, the edges + of the plates ; and retaining tltem in 
itact for the given time. " The plale is then re- 
lied, and well rinsed in distilled water, and if the 
be homogeneous," I will "present a beautiful 
i-coloured drawing of the original design, pro- 
ed by a film of the oxychloride ^ formed ; it is now 
t in an open dish, containing a very weak ao- 
of ammonia, and the surface gently rubbed 
very Bofi cotton, until all the deposile is dis- 
I : as soon as this is effected, it should be in- 
"stantly removed, and plunged into distilled water, and 
carefully dried. The process is now complete, and a 
perfect etching of the original design will he ob- 
served ; this, when printed from, gives a -positive pic- 
ture, or one which has its lights and shadows as in 
Dfiture; and which is in this respect, more conect 
that the original Daguerreotype, as the sides are not 
inverted: printing can therefore be directly read; and 
b portraits thus taken, the right and left sides of the 



■ This pUte must be well vnmisbed on its back and edget. 

+ A small portion of Tarnisli is removed from the DaguerriotypB 
for this pnrpose. 

i " It is Ter; neceasatf that the silver of pUtei subjected to this 
process be homagBneouB. Striie, imperceptible iu the origioal Db- 
goerr^otype, are instantl; biought out b; the naiicent uaioa ; pio- 
bibly silver, formed by voltaic piecipitBliaa, would be found the 
most ailvantBgeoue."— FRnf. GboVe. This extract, illustrated uU 
was by the coadition nf the ptiots from some of the etched pUtet, 
iodicltei ttiat the appliCHtlon of electro -plating, before described, 
fl 137) will eteotaiily be found d[ aome ^n\i:£. 

f Oijgeafram the mater, and cWotvne Iio^'^aa*'i^> '■''*" 
ituedat the Dnguerr^otypo pUte. 



face ate in iheir proper position." — " Tliere h, howercT, 
ex necessilal« rei, this difficulty with respect lo tngran^ 
ings from Daguerreotypes ; if tlie plates be etcbed to ■ 
depth BiifiicieTit to pioduee a good impression, some gf 
the liner lines of tlie original must inevitably run into 
each other ; and thus the chief benuty of these exquisite 
images be destroyed. If, on the other hand, the pro- 
cess be only continued long enough to leave an exact 
etching of the original design, which can be done to the 
minutest perfection, the very cleaning of the plate bj 
the printer destroys its beauty; and the molecules of 
the printer's ink being larger than the depth of the 
etchings, a very imperfect iinpression is produced."* 

159. But though these mechanical difficulties exist 
with respect lo printing from an etched plate, yet the 
etching is perfect. The action of the liberated elementB 
has produced, perhaps, the most delicate piece of 
workmanship ever seen; and though many practical 
difficulties will ever e);ist against successfully printing 
from such plates, yet the electrotypist possesses iJie 
means of multiplying the most faithfully and elabo- 
rately executed among them, with undeviatiug certainty; 
and of obtaining in metal as many perfect copies of the 
original as he may think fit to take. " To give an idea 
of the perfect accuracy of these, I may mention that 
in one 1 have taken," writes Mr. Grove, " on which ii 
a sign-board, measuring, on the electrotype plate -AUi 
by yjgths of an inch, _five lines of inscription can, with 
a microscope, be distinctly read." 

160. 1 can conceive, therefore, that among tliose into 
whose hands these pages may fall, are many who will 
value this discovery which furnishes a means of multi- 
plying readily these treasures of ART, I was about lo say; 
and possibly art is the fittest designation to give to 
this process which has arisen at the magic touch rf 
science. It is true no living artist can produce pen- 

"*■ I so trae aud failMu\, bviv aciitnct V'** ciiiA. 
' Vide Proceed. Elect. Soc.?. '5%. 
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into action the finger of nature, who is ever faithful 
and ever true; and has inscribed upon her productions, 
not the words *' drawn by Landseer, and engraved 
by Cousins," but " drawn by Light, and engraved by 
Electricity." * 

161. M. Fizeau^s Process, — M. Fizeau has been 
most successful in engraving Daguerreotypes. He 
inserts the plate in a mixture of nitric, nitrous, and 
hydrochloric acids, by which means the black or silver 
parts of the picture are eroded : he then washes out the 
chloride of silver thus formed with ammonia, and again 
immerses the plate in the acids, repeating the process 
several times. A certain depth of etching is thus pro- 
duced. He then rubs linseed oil on the plate, and 
washes it off so, that the parts in relief may be still 
exposed ; he now gilds these parts by the electro pro- 
cess, and afterwards removes the oil by caustic potash ; 
this being done, he bites in the hollow parts with nitric 
acid, and so augments the depth at pleasure. Now, as 
silver would soon wear out in the press, he coats the 
whole surface with copper by electric deposition, and 
thus prepares the plate for use ; and when one sur- 
face of copper commences to wear, he removes it 
by chemical means, and supplies its place with a 
fresh deposite. 

162. New Mode of Etching. — Dr. Pring has de- 
scribed t another mode of etching. A polished steel 
or other metal plate is connected with the positive end 
of a series of four or five, a good coil of coated copper 
wire being interposed between the plate and the battery. 
The other wire, guarded by glass or other insulator, is 
held in the hand and employed as an etching tool, 
when any device may be drawn. The magneto-elec- 
tric machine will also furnish electricity for this mode. 
The plate may be reversed and connected with the 

* Vide Prof. Grorre^s ^p«c. 
t Vide PhiL Mag., Axi^. A^^. 



^gative end to vary the experiment. Various v/'aa 1 
Itlf be sed. No solution is employed. ' 
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TiSO. Patents. — In reviewing the patents taki ___ 
(and there are not a few) I have Tell some degree of i 
ficnlty in tracing the features bj which the right of one 
is distinct from the right of another ; and have almost 
doubted whether the patents are not based rather upon 
the nature of the moulds, than of the power employed. 
To one is allowed the peculiar privilege of making a wax 
model of a stewpan, and depositing copper upon this; 
to Bnotlier the peculiar right of making the model 
of a seal by uniting some printer's type, and da- 
positing copper upon ihts. 1 shall best succeed Ja 
conveying an idea of the extent to which this art has 
been patented, by extracting from the several specifi- 
cations the general summaries on which the claims are 
based. And 1 doubt not that my renders will be 
somewhat surprised, when they find how the prin- 
cipfe of electro-chemical decomposition,— for it is but 
a general priyiciple, — has been seized upon and appro- 
priated. 

164. One has accomplished certain " improvements 
which have for tlieic object the coating or coverings 
manufactured articles composed of wrought or cast 
iron, lead and copper and its alloys, with copper or 
nickel ; such coating being effected by means of gal- 
vanic electricity." Nor does he "confine himself to 
any particular arrangement of apparatus, but claimf 
the mode of treating manufactured articles, of the 
tneta} and alloys above stated, so as to obtain a perma- 
nent coating or covering of copipef ox nAcVeX." 
165. ir;(h respect to p\al\ns, v'a^eti^eta cXmto. '■'■ ■Om. 



t ofa solution* of silver, in prusaiate of potash. f or 
ler aDalog;oi)s salt, or in pure ammonia, in combina* 
; with a galvanic current ;" and " the use of a solu- 
1 of eilver in acid, so as lo constitute a neutral salt, 
Econnection with a galvanic current ; the articles in 
(the latter) ease having been previously coated 
er." Under the head of gilding, ia claimed 
s of ft solution, for the purpose of gilding, 
ned of oxide of gold, dissolved in ptussiate of pot- 
' soda, or any other analogous salt, and combin- 
le action of a galvanic current with the use of a 
of gold as above, preferring the solution of gold 
ned by dissolving the oxide of gold in prussiate of 
ash; and, further, the patentees claim, with refeir 
to the two last heads of their invention, the ap- 
^Btion of a galvanic current, in combination with 
Ulions of gold or silver for coating or plating with 
'1 or silver, whether the articles to be so coated are 
red entirely of metal or only partly so." 

166, The same parties prepare surfaces of iron to 
eive a coating of copper or other metal, by connect- 
! them with a piece of zinc and placing them in acid, 

iBS to form a voltaic pair ; " after a short time the 
itles and dirt will fall from the iron, leaving its surface 
Perfectly clean and bright ;" and fit to receive a coat- 
ing of copper, and then one of silver or gold. 

167. The right is claimed of etching on iron or sleel 
by the electrolysis of a solution of common salt, and an 
iron or steel plate ; on silver, by a solution of sulphate 
of soda or sulphate of silver, and a silver plate; on 
gold, with hydrochloric acid, and a gold plate; on 
copper, sulphate of copper and a copper plate ; nor do 
ibe patentees limit their claim lo the metals named, 
but " claim the use or application of voltaic electricity 

* It is itatEd " that it will be fonnd necessary (0 add from time 
to lime afresh nippis of the oxide to the loluUon, tii order t&al it 
fHitff lie iepi saturalei with tMt <a(t." 
f Or rather cj^aiAa of potaaBium. "Vvie^^'a. 



for engraving on metals generally;" and bence, I [ 
sume. wilhiu this comprkiiensivb clause is included 
tlic etching of Daguerreotype plates; although the 
latter process was not discovered until months after 
llie patent was enrolled. 

168. Another application of the art is to form rollen 
of copper for printing or embossing calicos, Stc, hf 
making a model of a roller, and, after rendering it a 
conductor by any of the ordinary means, depositing 
copper upon it:* also for thickening old cyliadeiBt 
rollers. Sec., for the same purpose; and for filling; i^ 
portions of patterns that are to be obliterated. 

169. Other applications of this process are described; 
" Isl, in the production of a printing, embossing, or 
impressing tnetallic cylinder, plate, or block, having- 
B device or pattern formed thereon, suitable for tbe 
above purposes; such device or pattern cortslitulit^ 

perfKt or connected design, produced from all 
;inaUy engraved or otherwise executed portion ^^t 
said design; 2nO, in a mode of Joinwg together 
igraved or otherwise executed metallic plates, so as 
to form one connected surface; 3rd, in obtainio)^ 
ex/ended plain surface to an engraved metallic plate, 
whereon a continuation of, or an addition to, the sub- 
ject already formed may be engraved; 4th, in certain 
modes of producing iuilable surfaces, as aforesaid, 
such modes not requiring the ordinary original process 
of engraving ;+ 5th, in a mode of producing surfacBB, 
as aforesaid, such surfaces being suitable for priDtiii|f, 

* This ii merely a variation in the form at the moni 
<* 163.) 

t A flat meUl aurfsce is coiered with Tinii«h ; the dengnb 
traced by removing the Yamiah ; the whole is Iben corered with 
plumbBgo, C5 33.) or rendered conduclible by other means ; and 
IE placed as a montd in coDtiection with the bsttery i or a litbo- 
eraphlc etone is prepared and treated in a limilar manner ; oi " 
design is panohed in sheet-lead, an&t^iti«innte&,V)o4«i n 
Bad thea deposited opon. 
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Bnting or embossing in various colours;* 6th, ia 
^plicalion and use of dies, formed by the agency 
□Itaic electricity, for the purpose of embossing or 
ressing horn, hoof, or tortoise-shell, in the raanu- 
ure of buttons ; Tth, in the mode of mounting; or 
ching seals, bookbinders' tools, or other suck in- 
meuta used for impressing, such instruments or 
3 being produced by the agency aforesaid ; and 
ly, in a mode of producing seals for impressing on 
or other such substances." 

70. The object of another " invention is to produce 
■9, boilers, stewpans, or other vessels of copper, 
lugh the agency of Voltaic Electricity;" by depo- 
ig copper on moulds of " clay, was, plaster, OT 
:r like substances; or of lead or other metal, fusible 
. lower temperature than copper." " Another part 
he invention relates to the joining together of several 
•ea, so as to form vessels; and by which means stop- 
(s, or other such parts, may be added to boilers, &C; 
»ed by the above process." 

71. The above is by no means a complete abstract 
3ateuts, as our readent will hitve themselves dis- 
jred from many other processes that have been pre- 
.ed to tiiem in the course of this work. But we must 
ote the space that remains to a few subjects that have 
a place elsewhere. 

72. In the preceding pages, I have dwelt on the 
fing o( medals and plaster medallions alone, 
ugh, however, has been said to render the subject 
iliar, and to enable those who are successful in copy- 
the small objects here treated of, to carry their ex- 
ments to any extent. Busts, statues, vases, may, 
iroper application of the principles laid down, be as 
lily coated with copper as the small wax moulds. 

T«o or more rnonlds, iccording la the Dumbe; of colours, are 
.ned from the lame origiail; and from each ace ceiuQied thaw, 
on* which are not to be printed by ttic coVo'm Vi ■«\tidii,i>. ■^i^ 



, 32.) Yea — almost anything, to which a coaling «f 
plumbago can be given, may serve aa a mould on wlueh 
to deposit the metal. Gutta Percha, a new gum, whieb 
becomes plastic at less than 212° Fahrenheit, and harf- 
ena on cooling, will be often found a most convenieal 
material for moulds. With no credit to my discern- 
went, I might devise a thousand instances in which thil 
art will be available in the common concerns of life; but 
lather leave the merit to him who shall actually intro- 
duce it into these several spheres. It may be found 
available in protecting from the effects of weather the 
busts and statues, which are introduced in omamenlal 
gardening ; and wliich are often, for the sake of am- 
nomy, made ofplaster of Paiis. They may besaturaUd 
as described elsewhere (^ 40.); covered with plumbago 
(^ 32.), and placed within a large vessel whose »\da 
are covered with copper, and then by means wbith 
must now be familiar to the reader, a depositiou ol 
copper may be formed on them ; ttiis can be bronied 
' ' imple application of (he blacklead brush ; and 
IghUy and permanent exterior will be produced, 
•^By the same means small and valuable was figuni 
nay be preserved; the surfaces of these are ofthemselni 
very liable to crack, and fall off in chips, A thin canf- 
ing of copper, without in the least degree affecting (bt 
fineness of the workmanship, will preserve it. BasU 
and statues may be made in solid electrotype metal, by 
first coating a bust with thin copper, then embedding the 
whole in plaster or cement, afterwards breaking away 
the original bust, and finally making the mould that 
remains serve as a decomposition cell, 

173. Electho-tikt, or Galvasoghapht. — Another 
form of deposite has been termed eleclro-tint. It «*• 
sists in painting on white metal with etching; grotiM 
or varnish: — tbe eeveral shades are obtained by llw 
relative thickness of the layers of varuiah: the whole 
^s then p/umbagoed; and iVie de^s\\.e. iiMavosA oo U 
! used as a plate to furnish p™w. 'BvQ^.Not^tiSs^ 
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nOer obtaining a plate, examines a proof; and ]f (oo 
faint, he makes a mould of the plate ; and liavin^ ob- 
tained a deposite, which will be similar to the original 
pskinted plate, he puts varnish on the parts whicii gave 
impressions too pale, and obtains a second deposite on 
this, which when removed will give prints of a better 
character. 

174. Engraved copper plates may be readily multi' 
plied by electrotype. The battery must be in propor* 
tion to the size of the plate, and the plate must be used 
ill lieu of the moulds. Sometimes the copper deposite 
will adhere so strongly as to resist all attempts to re- 
move it. This may be prtrented by a very easy process. 
— Before the plate is used, heat it and rub bees' wa« 
over the surface ; continue the heat, and by the appli- 
cation of soft cotton, rub it perfectly clean from the 
wax ; or the plale may be rubbed with blacklead in 
lii'ii of wax. In either case it may then be used without 
fenr of adhesion. The deposite obtained on it is to he 
iemoved,and used as a mould, from which many copies 
may be taken equal, in all points, to the original. 
Sometimes moulds of medals and casts are made from 
originals in Electrotype copper. 

175. Glyphotjra'phy — is another application. A 
smooth copper plate is blackened by sulpliuret of 
potassium, and is then coated with an etching ground, 
through which a design is traced. The high lights are 
nowbuiit up of non-conducting materials, so as to pre- 
vent their printing ; the whole is coated with plumbago, 
and an electro-copper-plate is formed frum it: the 
copper plate is afterwards soldered on a block of wood, 
and is used as a wood-cut ; it is called an electro-glypho- 
graphic casl. Or this plate, after etching, has a plaster 
cast taken from it, and from this the high lights are cut 
out ; it is then oiled, and a second cast is taken, from 
which a stereotype copy is to be made. This is callecl 

' a steren-ijlj/p/ioffraphic cast. 
■ 176. J/e/a/Z/cc/olA— is pre5ai£4.\i^mft^w».'^S*»^'H 
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^^sns, for rarious pnrposes. On a surface of copper it 
attaciied very evenl<^, stoat linen, cotton, or woollen 
cloth : the copper is placed in a solution of copper, at 
otliet metal, and is connected with the negative pole of 
the battery : a sheet of copper, or other metal, as the 
case rnay be, is placed opposite, and in connection with 
the positive pole of a battery. Decomposition takei 
place, and [he metal, in endeavouring lo reach the 
met-il plate, insinuates itself into the interstices of Um 
cloth, and forms a perfect metallic sheet. 

177. Purity ofiulphuric acid. — As the great obfOdt 
of writing this treatise is to simplify the various stages of 
the process, I must not leave unnoticed a fact that ImH 
been pressed upon my attention, one which is of great 
practical importance, — the necessity of employing nnfw 
sulphuric acid ; 1 mean, so far pure, as to be free mm 
niVric acid. Very commonly a small portion of nitiifl 
acid is present, and this operates in a most destructive 
manner upon the zinc, defying all care and trouble is 
amalgamation : for it attacks some of the mercury, tai 
leaves portions of the zinc exposed, giving rise to aa 
amount of local action to no trifling extent ; tnd«ed 
it is the serious cause of objection to the use of tbe 
platinized battery : and has caused it to be rejected by 
many manipulators. This will explain the cause ot 
amalgamation's failing far more effectually than tbe 
assumption of the impurity of the zinc. The latter if 
well concealed by the mercury ; but the nitric acid uih 
dermines the other precautionary means, and militates 
most effectually against the permanent preaetvalton of 
the zinc. 

1 78. Test for nitric in sulphuric acid. — Tbe presence 
of nitric acid may be determined by the foltowtng 
simple and effectual test. — Apply heat to a Plorence 
flask, containing sulphuric acid, with which has been 

aiixed some sulphate of indigo ; should the blue cotouf 
disappear, nitric acid is present; a\io\).\i \VTftTOiTO,'i« 
aad iagood and fit for use. — Besviea e^l.c^^;™% "ii^^nX 
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I with the pure acid, it is also requisite to employ 
ame acid in the process of amalgamation. When 
precautions are taken, the common rolled or cast 
may be employed with impunity, and a perfect 
u will be obtained. Nitric acid may be drivea 
'by boiling. 

^79. In reference to electrotype medah and other 
rks of art produced in moulds taken from the ori- 
may be as well to remark that there are two 
)ods of giving them a silver or a gold surface by 
trie deposition ; either by making the medal sc- 
'ing; to the instructions given in the First Part of 
work, and then gilding or plating it; or by pre- 
paring a good and clean mould, (§ 28,) and depositing 
m it a certain quantity of silver or gold, and then back- 
ing it up by the deposition of copper. The best elec- 
trotype medals are produced in this way. 

180. Copying Busls, Sfc. — It may not be out of 
place to add here the method pursued for copying 
busts or statues from viax originals. The original is 
covered in the usual way (\ 32.) with plumbago ; it is 
then placed in the copper solution of a decomposition 
celt, l\ 56.) and is acted on until a moderate coat of 
copper is obtained : it is now removed and embedded 
in plaster of Paris ; the wax is melted out, and the 
interior well cleaned with a hot ley of potash or soda. 
It is then inverted and filled with a solution of the 
metal which is to be deposited ; and in the solution is 
placed a sheet of the same metal, as in the ordioan 
arrangements. The theory of this operation is ael^ 
evident ; but in practice, especially on small articles, a 
diiSculty presents itself, to guard against which requires 
no little care. The action occasionally ceases without 
any apparent cause; and for days, although all things 
seem in order, no appreciable deposite takes place. 
This can only be obviated by cle^nin^ v.Ue. ija»S.\>^ 
metal and grreatJy reducing l\\e atUoTi, "^Va eS«.<A.N 
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due to ptienoniena too complex to be detailed in Hm 
present treatise. 

ISl. I have not space to make any lengthened com- 
ments upon the extensive applications of electrotype. 
I can fancy that scarcely one will read this treattae 
with attention, and reflect on the uses to which the ait 
has been applied, without figurine; to himself many 
others to which it may be applied. The science on 
which the whole of what we have treated is based, 
reminds one of that little cloud, dimly seen at first 
in the distance, no bigger than a man's hand, which 
gradually develops itself, until it enfolds within its 
spacious mantle the whole of the visible face of nature. 
Every day is bringing fresh evidence of the vast extent 
of the operations of electricity ; although each fresb 
acquisition of knowledge only teaches us how lillk 
we really know. Scarcely do we elucidate one series of 
problems, than another, and another, and another, 
presents itself to our earnest gaze; and we are com- 
pelled, in summing up the results of even our most 
successful labours, to confess with the great philosopher, 
that we are like children on the sea-shore, who pick np 
occasionally one pebble of better value than the rest. 

CHARLES V. WALKER. 
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Affinity for oxygen of positive copper, § 94. 
Alkaline detergent solutions, § 119. 
Alloys, reduction of, § 139. 
Amalgamation to promote adhesion, § 121. 
Applications of electro-gilding, § 135. 

Black oxide developed in streaks, § 107. 

Brass, deposition of, § 139. 

Bronze reduced, § 1 39. 

Busts, mode of copying, § 180. 

Button dies, manufacture of, § 169. 

Cleaning electro-plate, § 123. 
Cleansing, great importance of, § 116. 
Cleansing by the diy method, § 118. 
Cleansing by the wet method, § 119. 
Coating metals with copper and nickel, § 164. 
Colours, blocks for printmg, produced, § 169 
Cyanide of potassium, electrolysis of, § 94. 
■ ■ — __ preparation of, § 95 

Daguerreotype, electro-etching of, § 153. 

pictures, nature of, § 155. 

protected by eleclTO-^Wui^^^lM* 

plates, §137. 



^HleGtro-etching, $ 149. 
H^XIectro-etching, new mode of, § 162. 
I Electro-extension of plates. Sic. § 169, 

Elect ro-gilding, first case of, § 93. 

Electrolytic action, principles of, § 94. 
' ■ copies of Daguerreotypes, § 137. 

lEIectro-plalin^, early iiiEtance of, § 9S. 

Electro-lint,^ 173. 

Electro-uniting of boilers, k.c. § 170. 

Electro-uniting of plates, &,c, § 169. 
Sngraving, uianual labour of, saved, § It 

pBlching-graund of gold, ^ 13S. 
- plates, patent for, §167, 



pBl»anography, 5 173. 
itilding by a single cell, § 108. 

- hitlery process, §111 



- patent for, § 

.g-w««,Sl24. 
Gildi[tg with the battery, aavantages o' 
Bold solution, composition of, § 99. 
Huttiv percha moulds, § 172. 

Heat for preparing metallic surfaces, § 114. 
Homogeneity of siWer, how to obtain, J 158. Ttote, 
Hydrochloric acid, electrolysis of, § ISO, 
Hydrogen adheres to plates, \ 156. 

iirfaces cleaned by voltaic action, § 1 66. 

Lead, deposition of, § 123. 

Hagneto-eleclro-plating, § 144. 
Uelallic cloth, § 176. 
Melallic solutions, various, § 125, &.c. 
Melallo-cbromes, § 145, 
Motion to articles while plating,^ 115. 
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Nitrate of silver^ experiment with, § 92. 

Nitric acid, &c., for preparing metallic surfaces, § 119. 

, test for, § 178. 



Ore, reduction of, § 141 & 143. 
Oxide of lead deposited, § 147. 
Oxide of iron deposited, § 148. 
Oxides of silver and gold, § 97 & 99. 

Patents, summary of, § 163, &c. 

Patterns for printing, &c. produced, § 169. 

Platinating, § 1 28, 1 29. 

Plating by single cell process, § 106. 

the battery process, § 111. 

, patent for, § 165. 

Primary results, definition of, § 94. 
Purity of sulphuric acid, § 177. 

Relation in size between plates of elementary pairs, § 157. 

Salts of gold and silver easily decomposed, § 104. 

Saw-dust, hot, for drying cleaned articles, § 120. 

Scratch-brush, its value, § 121. 

Seals mounting by electrotype, § 169. 

Secondary results, nature of, § 94. 

Secondary current, § 112. 

Silver solution, composition of, § 96. 

Single cell, flat for gilding, &c., § 105. 

Size of generating pairs in relation to electrodes, § 157. 

Soap bubble, § 146, note. 

Statues, mode of copying, § 180. 

Tarnished silver, mode of cleaning, § 123. 
Theory of electrolysis, § 94, &c. 
Thin wire for retarding the action, § 108. note. 
Tin, deposition of, § 128. 

Union between copper aad gold ot s\V;^T)XCLQ^<^Q\^x5a^^'CB8^% 
§116,&c. 



VmsbIi of capacity formed, § 170. 
* "Voltaic condenaer, ^ 1 12. 
Voltaic governor, § 107, 

Whole designs produced by tlie eleolro-u 

:, clepoBition of, ^ 128. 133. 



